N AS A/TM-2 0 1 3 -2 1 8 02 1 /V olume II 
NESC-RP- 12-00824 



Independent Assessment of Instrumentation for 
ISS On-Orbit NDE 


Appendices 

Eric I Madaras/NESC 

Langley Research Center, Hampton, Virginia 


July 2013 


NASA STI Program ... in Profile 


Since its founding, NASA has been dedicated to the 
advancement of aeronautics and space science. The 
NASA scientific and technical information (STI) 
program plays a key part in helping NASA maintain 
this important role. 

The NASA STI program operates under the 
auspices of the Agency Chief Information Officer. 

It collects, organizes, provides for archiving, and 
disseminates NASA’s STI. The NASA STI 
program provides access to the NASA Aeronautics 
and Space Database and its public interface, the 
NASA Technical Report Server, thus providing one 
of the largest collections of aeronautical and space 
science STI in the world. Results are published in 
both non-NASA channels and by NASA in the 
NASA STI Report Series, which includes the 
following report types: 

• TECHNICAL PUBLICATION. Reports of 
completed research or a major significant phase 
of research that present the results of NASA 
Programs and include extensive data or 
theoretical analysis. Includes compilations of 
significant scientific and technical data and 
information deemed to be of continuing 
reference value. NASA counterpart of peer- 
reviewed formal professional papers, but 
having less stringent limitations on manuscript 
length and extent of graphic presentations. 

• TECHNICAL MEMORANDUM. Scientific 
and technical findings that are preliminary or of 
specialized interest, e.g., quick release reports, 
working papers, and bibliographies that contain 
minimal annotation. Does not contain extensive 
analysis. 

• CONTRACTOR REPORT. Scientific and 
technical findings by NASA-sponsored 
contractors and grantees. 


• CONFERENCE PUBLICATION. 

Collected papers from scientific and 
technical conferences, symposia, seminars, 
or other meetings sponsored or co- 
sponsored by NASA. 

• SPECIAL PUBLICATION. Scientific, 
technical, or historical information from 
NASA programs, projects, and missions, 
often concerned with subjects having 
substantial public interest. 

• TECHNICAL TRANSLATION. 
English-language translations of foreign 
scientific and technical material pertinent to 
NASA’s mission. 

Specialized services also include organizing 
and publishing research results, distributing 
specialized research announcements and feeds, 
providing information desk and personal search 
support, and enabling data exchange services. 

For more information about the NASA STI 
program, see the following: 

• Access the NASA STI program home page 
at http://www.sti. nasa.gov 

• E-mail your question to help@sti.nasa.gov 

• Fax your question to the NASA STI 
Information Desk at 443-757-5803 

• Phone the NASA STI Information Desk at 
443_757_5802 

• Write to: 

STI Information Desk 

NASA Center for AeroSpace Information 

7115 Standard Drive 

Hanover, MD 21076-1320 
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Appendix A. “MPLM Post-Proof Test Inspection Status,” 
Presented to the Space Station Program Control Board 
(SSPCB), February 14, 2005 



MPLM Post-Proof Test Inspection 

Status 


Last Updated 2/14/05 


Chris Hansen 
Kornel Nagy 
Al Parrish 
NASA-JSC Engineering 



Completed Work 



* Single-sided Eddy-Current inspections completed for FM2 

- No flaws identified 

* Peaking and mismatch data verified and updated 

* MPLM Finite Element Models verified 

- NASA and Boeing experts worked with Alenia to evaluate existing 
MPLM models 

- Stress states for MPLM now well understood 

- Peaking and mismatch effects on weld stress well understood 
(peaking shown to have a large effect on stress levels) 

* MPLM Load spectrum development completed 

* Fracture analysis for FM-2 is now complete 
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Analysis Results Summary 



* The minimum Critical Initial Flaw Size (CIFS) for the MPLM, 
using recent as-measured data was calculated to be 74mm 
(~3 in.) 

- Full table of results is included in back-up charts 

• With an assumed flaw that is 90% through the thickness of 
the weld (the largest assumed flaw that we could have 
missed during inspections), the MPLM shows a capability of 
surviving a 5 mission profile 

- 1 mission profile consists of 25 flights 

- This data is valid for both as-built measurements for 
peaking/mismatch, and spec values (up to 5° peaking) 


Page No. 3 



Conclusions for FM-2 



• Based on available data, he position of the JSC Fracture 
Control Board and JSC Engineering is that FM2 is currently 
certified for 1 more flight with no waiver rationale required 

- The FCB would like to see the results of the Simulated Service 
testing before clearing FM2 for life, but positive results based on 
experience and already completed testing lead to a high level of 
confidence that FM2 will be cleared for life with no further testing, or 
waiver , required 

• MSFC Fracture Control Board has not completed their 
assessment for flight certification 


Page No. 4 


NESC Request No.: TI-12-00824 


0 

NASA Engineering and Safety Center 
Technical Assessment Report 

Document #: 

NESC-RP- 

09-00565 

Version: 

1.0 

Title: 

Independent Assessment of Instrumentation 

Page #: 

5 of 396 


for ISS On-orbit NDE 




Future Work - FM1 



• Actual peaking and mismatch measurements for FM1 is 
complete, therefore stress models and load spectrums from 
FM2 can be used since they envelope FM1 



Page No. 5 



Future Work - FM1 



• Option 1 : perform a single-sided eddy current inspection of 
FM1, equivalent to inspections performed on FM2 

- Will certify FM1 for 1 flight, and probably for life based on final 
results from Simulated Service testing 

- No waiver required 

- Recommended option by JSC Eng. and JSC FCB 

• Option 2: Perform a single-sided eddy current inspection of 
FM1 radial welds only 

- Will certify FM1 for 1 flight only, with a waiver required, but JSC 
Eng. and JSC FCB find this a technically acceptable option 

- Inspection of all welds missed during initial inspection will have to be 
completed before following FM1 flight 

• Option 3: No inspection 

- Not supported by JSC Eng or JSC FCB 

- Effect of peaking on weld stresses very severe and not accounted 
for in original analysis, does not meet fracture control reqts. 

• Recommendations do not include MSFC FCB or NESC yet 
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Back-up charts 
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Analysis Results 



No. 

Peaking Angle 
(deg) 

Mismatch 

(mm) 

Stress Combination 

Critical Initial Flaw Size 

(CIFS) (mm) 

1 

2.5 (2) 

0.5 

Max Tension 

76 

Max Bending 

136 

2 

3.15 (3 > 

0.5 

Max Tension 

74 

Max Bending 

136 

3 

5.0 (4) 

0.0 

Max Tension 

66 

Max Bending 

136 


No. 

Peaking Angle 
(deg) 

Mismatch 

(mm) 

Stress 

Combination 

Proof Cycles 

Ground Press 
Cycle 

Flaw Size (depth/length) mm 

Life 

Start 

Failed 


1 

2.5 (2) 

0.5 

Max Tension 

Yes 

Yes 

6.3/63 

79 

6 

2 

3.15 (3) 

0.5 

Max Tension 

Yes 

Yes 

6.3/63 

NA 

<1 < 5 > 

No 

Yes 

6.3/63 

76 

5 

Max Bending 

Yes 

Yes 

6.3/63 

6.417/65.2 

50 + 

3 

5.0 (4) 

0.0 

Max Tension 

No 

Yes 

6.3/63 

77 

5 

No 

No 

6.3/63 

69 

7 

Max Bending 

Yes 

Yes 

6.3/63 

6.35/65.7 

50+ 


(5) 1 life = 25 MPLM flights for this analysis 
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Appendix B. Presentation to SRB: MMOD Excerpts 





Systems Engineering and Integration 

Office 


Presentation to SRB 
4 / 26/2013 
MMOD Excerpts 


5/8/2013 




MMOD Risk 

10 Year Risk Assessment 




ISS MMOD Risks 

10-year future time period, updated with latest NASA results documented in JSC-65837 and JSC-66198 


Date 

Penetration Risk 

Loss-of-crew (LOC) 
Risk 

Evacuation Risk due to 
MMOD 

Requirement (Penetration Risk) 
Goal (LOC Risk) 


< 24% 
(PNP=0.76) 

< 5% (PNCF=0.95) 

NA 

Assessed ISS Risk 
In March 2012 

March 2012 

52% (PNP=0.48) 

8.0% (PNCF=0.920) 

16.1% (PNevac=0.839) 

With partial implementation of 
Progress enhancement beginning 
with 47P 

April 2012 

49.0% 

(PNP=0.510) 

7.6% (PNCF=0.924) 

14.4% (PNevac=0.856) 

Above and Soyuz enhancement 
beginning with 30S 

May 2012 

34.5% 

(PNP=0.655) 

5.2% (PNCF=0.948) 

14.3% (PNevac=0.857) 

Above and 5 SM debris panels 
installed on RS EVA 31 

August 2012 

33.9% 

(PNP=0.661) 

5.1% (PNCF=0.949) 

13.7% (PNevac=0.863) 

Above and full implementation of 
Progress enhancement beginning 
with 57 P 

October 2014 

28.0% 

(PNP=0.720) 

4.6% (PNCF=0.954) 

11.0% (PNevac=0.890) 

Above and commercial crew 
vehicles beginning in 2017 (reduce 
Soyuz flights) 

2017 

26.5% 

(PNP=0.735)** 

4.4% (PNCF=0.956) 

11.0% (PNevac=0.890) 


* The future mix of visiting vehicles subject to change. As commercial crew and cargo vehicles replace Soyuz/Progress vehicles, ISS MMOD risks will improve. 


Pre-decisional, For Internal Use Only 
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MMOD Risk 

10 Year Risk Assessment 




MMOD risk assessments will be updated after the new orbital debris model 
(ORDEM 3.0) is released, and as additional elements are added to ISS. 

- Overall ISS MMOD Risks will likely increase with these changes , although risks for 
some modules will decrease while others (mainly Russian visiting vehicles) will 
increase 

" Penetration " is a hole in pressure shell of crew modules, damage/hole in 
external pressure vessels, damage to CMG rotors (i.e., MMOD damage that 
endangers crew &/or ISS survivability) 

- 90% of the MMOD penetration risk is due to RS elements, 10% of risk due to 
NASA/ESA/JAXA elements 

Loss-of-crew (LOC) risk results from rapid depress due to MMOD 
penetration, internal fragments causing LOC injury, and other catastrophic 
failure modes. 

Evacuation from MMOD results if some or all crew are evacuated due to 
non-fatal injury to crew (requiring evac), rapid depress (uncontrolled 
depress) or loss of critical functions (SM or Node 3 depress). No loss of crew 
risk is included in the evac risk assessment. 




Pre-decisional, For Internal Use Only 
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Appendix C. Manufactured Test Articles 


NDE Flaw Detectability 
Feasibility Study Standards 


September 12 , 2012 

Ajay Koshti 

Summary of NDE Standards 


Standard # 

Description 

Qty 

Thickness Construction 

Usage Notes 

By 

1A 

Iso-grid plate with notches and flat bottom holes, flaws on grid 
side 

1 

0.436" 

Iso-grid flat 

Simulates FGB pressure wall MMOD 
damage 

LaRC 

IB 

Iso-grid plate with notches and flat bottom holes, flaws on flat 
side 

1 

0.436" 

Iso-grid flat 

Simulates FGB pressure wall MMOD 
damage 

LaRC 

2 

Flat plate with notches and flat bottom holes along two lines 

2 

0.1875 

Flat 

Simulates US module MMOD damage, 
shear wave from a distance with and 
without patch 

LaRC 

3 

Flat plate with flat bottom holes in circular pattern 

1 

0.1875 

Flat 

Simulates US module MMOD damage, 
shear wave from a distance with and 
without patch 

JSC 

4 

Flat plate with notches and flat bottom holes along two lines 

2 

0.0625 

Flat 

Simulates FGB pressure wall MMOD 
damage with and without patch 

LaRC 

5 

Flat plate with flat bottom holes in circular pattern 

1 

0.0625 

Flat 

Simulates FGB pressure wall MMOD 
damage with and without patch 

JSC 

6A 

Curved plate with notches and flat bottom holes along two lines, 
notches parallel to curved edge 

1 

0.1875 

83" radius 

Simulates US module MMOD damage, 
shear wave from a distance with and 
without patch 

JSC 

6B 

Curved plate with notches and flat bottom holes along two lines, 
notches parallel to straight edge 

1 

0.1875 

83" radius 

Simulates US module MMOD damage, 
shear wave from a distance with and 
without patch 

JSC 

7A 

Curved plate with notches and flat bottom holes along two lines, 
notches parallel to curved edge 

1 

0.1875 

25" radius 

Simulates US module MMOD damage, 
shear wave from a distance with and 
without patch 

JSC 

7B 

Curved plate with notches and flat bottom holes along two lines, 
notches parallel to straight edge 

1 

0.1875 

25" radius 

Simulates US module MMOD damage, 
shear wave from a distance with and 
without patch 

JSC 


Note: Autocad files or pdf copies of individual drawings are available 
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NDE Standard 1A and IB: Graphics 


N2 j — -HB Simulates Russian module pressure wall 



H h-ft,HTTVP 


CONVENT! Ott FOR HUTCH 
LENflfTH QHEKTATIOHS IN 
ElJHVlEW 




NDE Standard 1: 

Notes 


Part 





Name: 

NDE Standard 1A 



Part Description: Flat plate with drilled holes and EDM slots 



Annotati 




on 

Annotated Entity Description 

Other Description 


SI 

EDM Slot 

Length 0.100 +/-0.005, Width 0.003 -0.006, Depth 0.010 +/-0.003 

Length along fillet radius, 45 deg 


S2 

EDM Slot 

Length 0.100 +/-0.005, Width 0.003 -0.006, Depth 0.010 +/-0.003 

Length along fillet radius, 0 deg 


S3 

EDM Slot 

Length 0.100 +/-0.005, Width 0.003 -0.006, Depth 0.010 +/-0.003 

Length along fillet radius, -45 deg 


S4 

EDM Slot 

Length 0.100 +/-0.005, Width 0.003 -0.006, Depth 0.010 +/-0.003 

Length along the tangent of the fillet radius, 135 deg 


S5 

EDM Slot 

Length 0.100 +/-0.005, Width 0.003 -0.006, Depth 0.010 +/-0.003 

Length along the tangent of the fillet radius, 90 deg 


S6 

EDM Slot 

Length 0.100 +/-0.005, Width 0.003 -0.006, Depth 0.010 +/-0.003 

Length along the tangent of the fillet radius, 45 deg 


S7 

EDM Slot 

Length 0.100 +/-0.005, Width 0.003 -0.006, Depth 0.010 +/-0.003 

Length along 90 deg 


S8 

EDM Slot 

Length 0.100 +/-0.005, Width 0.003 -0.006, Depth 0.010 +/-0.003 

Length along 90 deg 


S9 

EDM Slot 

Length 0.100 +/-0.005, Width 0.003 -0.006, Depth 0.020 +/-0.003 

Length along fillet radius, 45 deg 


S10 

EDM Slot 

Length 0.100 +/-0.005, Width 0.003 -0.006, Depth 0.020 +/-0.003 

Length along fillet radius, 0 deg 


Sll 

EDM Slot 

Length 0.100 +/-0.005, Width 0.003 -0.006, Depth 0.020 +/-0.003 

Length along fillet radius, -45 deg 


S12 

EDM Slot 

Length 0.100 +/-0.005, Width 0.003 -0.006, Depth 0.020 +/-0.003 

Length along the tangent of the fillet radius, 135 deg 


S13 

EDM Slot 

Length 0.100 +/-0.005, Width 0.003 -0.006, Depth 0.020 +/-0.003 

Length along the tangent of the fillet radius, 90 deg 


S14 

EDM Slot 

Length 0.100 +/-0.005, Width 0.003 -0.006, Depth 0.020 +/-0.003 

Length along the tangent of the fillet radius, 45 deg 


S15 

EDM Slot 

Length 0.100 +/-0.005, Width 0.003 -0.006, Depth 0.020 +/-0.003 

Length along 90 deg 


S16 

EDM Slot 

Length 0.100 +/-0.005, Width 0.003 -0.006, Depth 0.020 +/-0.003 

Length along 90 deg 


HI 

Drilled Hole 

Diameter 3/64, Depth 0.010 +/-0.003 



H2 

Drilled Hole 

Diameter 3/64, Depth 0.010 +/-0.003 



H3 

Drilled Hole 

Diameter 3/64, Depth 0.010 +/-0.003 



H4 

Drilled Hole 

Diameter 3/64, Depth 0.010 +/-0.003 



H5 

Drilled Hole 

Diameter 3/64, Depth 0.010 +/-0.003 



H6 

Drilled Hole 

Diameter 3/64, Depth 0.010 +/-0.003 



H7 

Drilled Hole 

Diameter 3/64, Depth 0.020 +/-0.003 



H8 

Drilled Hole 

Diameter 3/64, Depth 0.020 +/-0.003 



H9 

Drilled Hole 

Diameter 3/64, Depth 0.020 +/-0.003 



H10 

Drilled Hole 

Diameter 3/64, Depth 0.020 +/-0.003 



Hll 

Drilled Hole 

Diameter 3/64, Depth 0.020 +/-0.003 



H12 

Drilled Hole 

Diameter 3/64, Depth 0.020 +/-0.003 



General Notes 





1 Material: AL 6061 T6 




2 Dimensions in 

inches. 




3 Locate slots and holes as indicated using a full scale template on flat side 




4Tolerance: X.X 

= +/-0.1, X.XX = +/- 0.01, X.XXX = 0.002 Unless Otherwise Specified. 




5Surface finish 63 RHR or better. Break sharp edges and corners. 




6 Use flat tip drill for drilled holes 




7 Drilled holes and slots are machined normal to the local surface on the Flat side 


4 

Ajay Koshti, August 14, 2012 
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NDE Standard IB: Notes 


Part 





Name: 

NDE Standard IB 




Part Description: Flat plate with drilled holes and EDM slots 



Annotatio 




n 

Annotated Entity 

Description 

Other Description 


SI 

EDM Slot 

Length 0.100 +/-0.005, Width 0.003 -0.006, Depth 0.010 +/-0.003 

Length along fillet radius, 45 deg 


S2 

EDM Slot 

Length 0.100 +/-0.005, Width 0.003 -0.006, Depth 0.010 +/-0.003 

Length along fillet radius, 0 deg 


S3 

EDM Slot 

Length 0.100 +/-0.005, Width 0.003 -0.006, Depth 0.010 +/-0.003 

Length along fillet radius, -45 deg 


S4 

EDM Slot 

Length 0.100 +/-0.005, Width 0.003 -0.006, Depth 0.010 +/-0.003 

Length along the tangent of the fillet radius, 135 deg 


S5 

EDM Slot 

Length 0.100 +/-0.005, Width 0.003 -0.006, Depth 0.010 +/-0.003 

Length along the tangent of the fillet radius, 90 deg 


S6 

EDM Slot 

Length 0.100 +/-0.005, Width 0.003 -0.006, Depth 0.010 +/-0.003 

Length along the tangent of the fillet radius, 45 deg 


S7 

EDM Slot 

Length 0.100 +/-0.005, Width 0.003 -0.006, Depth 0.010 +/-0.003 

Length along 90 deg 


S8 

EDM Slot 

Length 0.100 +/-0.005, Width 0.003 -0.006, Depth 0.010 +/-0.003 

Length along 90 deg 


S9 

EDM Slot 

Length 0.100 +/-0.005, Width 0.003 -0.006, Depth 0.020 +/-0.003 

Length along fillet radius, 45 deg 


S10 

EDM Slot 

Length 0.100 +/-0.005, Width 0.003 -0.006, Depth 0.020 +/-0.003 

Length along fillet radius, 0 deg 


Sll 

EDM Slot 

Length 0.100 +/-0.005, Width 0.003 -0.006, Depth 0.020 +/-0.003 

Length along fillet radius, -45 deg 


S12 

EDM Slot 

Length 0.100 +/-0.005, Width 0.003 -0.006, Depth 0.020 +/-0.003 

Length along the tangent of the fillet radius, 135 deg 


S13 

EDM Slot 

Length 0.100 +/-0.005, Width 0.003 -0.006, Depth 0.020 +/-0.003 

Length along the tangent of the fillet radius, 90 deg 


S14 

EDM Slot 

Length 0.100 +/-0.005, Width 0.003 -0.006, Depth 0.020 +/-0.003 

Length along the tangent of the fillet radius, 45 deg 


SIS 

EDM Slot 

Length 0.100 +/-0.005, Width 0.003 -0.006, Depth 0.020 +/-0.003 

Length along 90 deg 


S16 

EDM Slot 

Length 0.100 +/-0.005, Width 0.003 -0.006, Depth 0.020 +/-0.003 

Length along 90 deg 


HI 

Drilled Hole 

Diameter 3/64, Depth 0.010 +/-0.003 



H2 

Drilled Hole 

Diameter 3/64, Depth 0.010 +/-0.003 



H3 

Drilled Hole 

Diameter 3/64, Depth 0.010 +/-0.003 



H4 

Drilled Hole 

Diameter 3/64, Depth 0.010 +/-0.003 



H5 

Drilled Hole 

Diameter 3/64, Depth 0.010 +/-0.003 



H6 

Drilled Hole 

Diameter 3/64, Depth 0.010 +/-0.003 



H7 

Drilled Hole 

Diameter 3/64, Depth 0.020 +/-0.003 



H8 

Drilled Hole 

Diameter 3/64, Depth 0.020 +/-0.003 



H9 

Drilled Hole 

Diameter 3/64, Depth 0.020 +/-0.003 



H10 

Drilled Hole 

Diameter 3/64, Depth 0.020 +/-0.003 



Hll 

Drilled Hole 

Diameter 3/64, Depth 0.020 +/-0.003 



H12 

Drilled Hole 

Diameter 3/64, Depth 0.020 +/-0.003 



General Notes 





1 Material: AL 6061 T6 




2 Dimensions in inches. 




3 Locate slots and holes visiblly centered as indicated 




4Tolerance: X.X = +/-0.1, X.XX = +/- 0.01, X.XXX = 0.002 Unless Otherwise Specified. 




5Surface finish 63 RHR or better. Break sharp edges and corners. 




6Useflat tip drill for drilled holes 




7 Drilled holes and slots are machined normal to the local surface on the iso-grid side 
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NDE Standard 2: Notes 


Part Name: NDE Standard 2 



Part Description: Flat plate with drilled holes and EDM slots 


Hex Notes Annotated Entity 

Description 


OPIate 

AL 6061 T6, 0.1875 +/-0.002 Thick, 12.00 Long X 12.00 Wide 


1 Drilled Hole 

Diameter 1/32, Depth 0.025 +/-0.003 


2 Drilled Hole 

Diameter 1/32, Depth 0.050 +/-0.003 


3 Drilled Hole 

Diameter 1/32, Depth 0.075 +/-0.003 


4 Drilled Hole 

Diameter 1/16, Depth 0.025 +/-0.003 


5 Drilled Hole 

Diameter 1/16, Depth 0.050 +/-0.003 


6 Drilled Hole 

Diameter 1/16, Depth 0.075 +/-0.003 


7 Drilled Hole 

Diameter 3/32, Depth 0.025 +/-0.003 


8 Drilled Hole 

Diameter 3/32, Depth 0.050 +/-0.003 


9 Drilled Hole 

Diameter 3/32, Depth 0.075 +/-0.003 


10 Drilled Hole 

Diameter 3/32, Depth 0.100 +/-0.003 


11 EDM Slot 

Length 0.032 +/-0.005, Width 0.003 -0.006, Depth 0.025 +/-0.003 


12 EDM Slot 

Length 0.032 +/-0.005, Width 0.003 -0.006, Depth 0.050 +/-0.003 


13 EDM Slot 

Length 0.032 +/-0.005, Width 0.003 -0.006, Depth 0.075 +/-0.003 


14 EDM Slot 

Length 0.063 +/-0.005, Width 0.003 -0.006, Depth 0.100 +/-0.003 


15 EDM Slot 

Length 0.063 +/-0.005, Width 0.003 -0.006, Depth 0.125 +/-0.003 


16 EDM Slot 

Length 0.063 +/-0.005, Width 0.003 -0.006, Depth 0.025 +/-0.003 


17 EDM Slot 

Length 0.094 +/-0.005, Width 0.003 -0.006, Depth 0.050 +/-0.003 


18 EDM Slot 

Length 0.094 +/-0.005, Width 0.003 -0.006, Depth 0.075 +/-0.003 


19 EDM Slot 

Length 0.094 +/-0.005, Width 0.003 -0.006, Depth 0.100 +/-0.003 


20 EDM Slot 

Length 0.094 +/-0.005, Width 0.003 -0.006, Depth 0.125 +/-0.003 


General Notes 



1 Dimensions in inches. 



2 Location Tolerances for Holes and Slots: +/- 0.010. 


3Tolerance: X.X = +/-0.1, X.XX = +/- 0.01, X.XXX = 0.002 Unless Otherwise Specified. 


4Surface finish 63 RHR o 

r better. Break sharp edges and corners. 


5 Use 120 degree tipped drill for drilled holes. 




7 


Quantity: 1 ea 


Simulates US module 
pressure wall. 

For NDE flaw detectability 
study under patch or don 
repair 8 


NDE Standard 3 

STANDARD 3 
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NDE Standard 3: Notes 



Part Name 

NDE Standard 3 





Part Description 

Flat Plate with Drilled Holes 




Numbered Hex Notes 

Diameter 

Depth 

Numbered Hex Notes Diameter 

Depth 


1 

0.031 

0.025 

25 0.063 

0.125 


2 

0.031 

0.050 

26 0.063 

0.100 


3 

0.031 

0.075 

27 0.063 

0.075 


4 

0.031 

0.100 

28 0.063 

0.050 


5 

0.031 

0.125 

29 0.063 

0.025 


6 

0.031 

0.025 

30 0.063 

0.125 


7 

0.031 

0.050 

31 0.063 

0.100 


8 

0.031 

0.075 

32 0.063 

0.075 


9 

0.031 

0.100 

33 0.063 

0.050 


10 

0.031 

0.125 

34 0.063 

0.025 


11 

0.031 

0.025 

35 0.063 

0.050 


12 

0.031 

0.050 

36 0.063 

0.025 


13 

0.031 

0.075 

37 0.094 

0.125 


14 

0.031 

0.100 

38 0.094 

0.100 


15 

0.031 

0.125 

39 0.094 

0.075 


16 

0.031 

0.025 

40 0.094 

0.050 


17 

0.031 

0.050 

41 0.094 

0.025 


18 

0.031 

0.075 

42 0.094 

0.125 


19 

0.031 

0.100 

43 0.094 

0.100 


20 

0.031 

0.125 

44 0.094 

0.075 


21 

0.031 

0.050 

45 0.094 

0.050 


22 

0.031 

0.075 

46 0.094 

0.025 


23 

0.031 

0.100 

47 0.094 

0.125 


24 

0.031 

0.125 

48 0.094 

0.100 


Letter Hex Note 






A 

Hole Diameter 1.000+/- 0.005, Depth 0.100 +/- 0.005, Inner Fillet Radius 0.032 +/- 0.005 



General Notes 






1 

AL 6061 T6, 0.1875 +/-0.002 Thick, 12.00 Long X 12.00 Wide 



2 

Dimensions in Inches. 





3 

Hex note number is s; 

jme as hole #. Drilled holes are arranged on three circles. Hole numbers ar< 

; counted clockwise on each circle. 


4 

Hole # 1 through 48 a 

re drilled with 120 deg. tip angle drills 



5 

Drilled Hole Tolerance: Diameter +/- 0.005, Depth +/- 0.002 



6 

Location Tolerance for Holes : 

:+/- 0.010 and +/-2 Deg 



7 

Dimensional Tolerance: X.X = 

+/-0.1, X.XX = +/- 0.01, X.XXX = 0.002 Unless Otherwise Specified. 



8 

Surface finish 63 RHR 

or better. Deburr holes. Break external sharp edges and corners. 



9 

Use 120 degree tipped drill for drilled holes. 


9 


NDE Standard 4 


Quantity: 2 ea 


Simulates Russian module 
pressure wall 

For NDE flaw detectability study 
with or without patch or dome 
repair 
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NDE Standard 4 


Part Name 

NDE Standard 4 



Part Description: Flat plate with drilled holes and EDM slots 



Hex Notes 

Annotated Entity 

Description 


0 

Plate 

AL 6061 T6, 0.063 +/-0.002 Thick, 12.00 Long X 12.00 Wide 


1 

Drilled Hole 

Diameter 1/32, Depth 0.010 +/-0.003 


2 

Drilled Hole 

Diameter 1/32, Depth 0.020 +/-0.003 


3 

Drilled Hole 

Diameter 1/32, Depth 0.030 +/-0.003 


4 

Drilled Hole 

Diameter 1/16, Depth 0.010 +/-0.003 


5 

Drilled Hole 

Diameter 1/16, Depth 0.020+/-0.003 


6 

Drilled Hole 

Diameter 1/16, Depth 0.030 +/-0.003 


7 

Drilled Hole 

Diameter 3/32, Depth 0.010 +/-0.003 


8 

Drilled Hole 

Diameter 3/32, Depth 0.020 +/-0.003 


9 

Drilled Hole 

Diameter 3/32, Depth 0.030 +/-0.003 


10 

Drilled Hole 

Diameter 3/32, Depth 0.040 +/-0.003 


11 

EDM Slot 

Length 0.100 +/-0.005, Width 0.003 -0.006, Depth 0.005 +/-0.002 


12 

EDM Slot 

Length 0.100 +/-0.005, Width 0.003 -0.006, Depth 0.010 +/-0.003 


13 

EDM Slot 

Length 0.100 +/-0.005, Width 0.003 -0.006, Depth 0.020 +/-0.003 


14 

EDM Slot 

Length 0.100 +/-0.005, Width 0.003 -0.006, Depth 0.030 +/-0.003 


15 

EDM Slot 

Length 0.100 +/-0.005, Width 0.003 -0.006, Depth 0.040 +/-0.003 


16 

EDM Slot 

Length 0.200 +/-0.005, Width 0.003 -0.006, Depth 0.005 +/-0.003 


17 

EDM Slot 

Length 0.200 +/-0.005, Width 0.003 -0.006, Depth 0.010 +/-0.003 


18 

EDM Slot 

Length 0.200 +/-0.005, Width 0.003 -0.006, Depth 0.020 +/-0.003 


19 

EDM Slot 

Length 0.200 +/-0.005, Width 0.003 -0.006, Depth 0.030 +/-0.003 


20 

EDM Slot 

Length 0.200 +/-0.005, Width 0.003 -0.006, Depth 0.040 +/-0.003 


General Notes 
1 

Dimensions in inches. 



2 

Location Tolerances for Holes and Slots: +/- 0.010. 


3 

Tolerance: X.X = +/-0.1, X.XX = +/- 0.01, X.XXX = 0.002 Unless Otherwise Specified. 


4 

Surface finish 63 RHR or better. Break sharp edges and corners. 


5 

Surface finish 63 RHR or better. Break sharp edges and corners. 


6 

Ajay Koshti, July 9, 2012 

Use flat tip drill for drilled holes 
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NDE Standard 5 


STANDARD 5 
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Part Name 

Part Description 

Numbered Hex Notes 

NDE Standard 5 

Flat plate with drilled holes 

Diameter Depth 

NDE Standard 5 

Numbered Hex Notes 

Diameter 



1 

0.031 

0.005 

25 

0.063 

0.005 


2 

0.031 

0.010 

26 

0.063 

0.010 


3 

0.031 

0.015 

27 

0.063 

0.015 


4 

0.031 

0.020 

28 

0.063 

0.020 


5 

0.031 

0.025 

29 

0.063 

0.025 


S 

0.031 

0.030 

30 

0.063 

0.030 


7 

0.031 

0.035 

31 

0.063 

0.035 


8 

0.031 

0.040 

32 

0.063 

0.040 


9 

0.031 

0.005 

33 

0.063 

0.025 


10 

0.031 

0.010 

34 

0.063 

0.030 


11 

0.031 

0.015 

35 

0.063 

0.035 


12 

0.031 

0.020 

36 

0.063 

0.040 


13 

0.031 

0.025 

37 

0.094 

0.005 


14 

0.031 

0.030 

38 

0.094 

0.010 


15 

0.031 

0.035 

39 

0.094 

0.015 


16 

0.031 

0.040 

40 

0.094 

0.020 


17 

0.031 

0.005 

41 

0.094 

0.025 


18 

0.031 

0.010 

42 

0.094 

0.030 


19 

0.031 

0.015 

43 

0.094 

0.035 


20 

0.031 

0.020 

44 

0.094 

0.040 


21 

0.031 

0.025 

45 

0.094 

0.025 


22 

0.031 

0.030 

46 

0.094 

0.030 


23 

0.031 

0.035 

47 

0.094 

0.035 


24 

0.031 

0.040 

48 

0.094 

0.040 


Letter Hex Note 

General Notes 

2 

3 

Hole Diameter 1.000+/- 0.005, Through Hole 

AL 6061 T6, 0.063 +/-0.002 Thick, 12.00 Long X 12.00 Wide 
Dimensions in inches. 

Hex note number is same as hole #. Drilled holes are arranged on three circles. Hole numbers ar 

e counted clockwise 


5 

6 

7 

8 

on each circle 

Hole # 1 through 48 are drilled with flat tip drills 

Drilled Hole Tolerance: Diameter +/- 0.005, Depth +/- 0.002 

Location tolerance for holes : +/- 0.010 and +/-2 Deg 

Dimensional tolerance: X.X = +/-0.1, X.XX = +/- 0.01, X.XXX = 0.002 Unless Otherwise Specified. 
Surface finish 63 RHR or better. Deburr holes. Break external sharp edges and corners. 


13 


NDE Standard 6A 

STANDARD 8A 


Quantity: 
6A: 1 ea 


83" Radius 



14 
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NDE Standard 6B 


STANDARD 6B 


Quantity: 1 ea 


Simulates Russian 
module pressure wall 



15 




NDE Standard 6A and 6B 


Part Name: 

NDE Standard 6Aand6B 


Part Description: Curved plate with drilled holes and EDM slots 


Hex Notes 

Annotated Entity 

Description 


0 

Plate 

AL 6061 T6, 0.1875 +/-0.002 Thick, 12.00 Long X 12.00 Wide 


1 

Drilled Hole 

Diameter 1/32, Depth 0.025 +/-0.003 


2 

Drilled Hole 

Diameter 1/32, Depth 0.050 +/-0.003 


3 

Drilled Hole 

Diameter 1/32, Depth 0.075 +/-0.003 


4 

Drilled Hole 

Diameter 1/16, Depth 0.025 +/-0.003 


5 

Drilled Hole 

Diameter 1/16, Depth 0.050 +/-0.003 


6 

Drilled Hole 

Diameter 1/16, Depth 0.075 +/-0.003 


7 

Drilled Hole 

Diameter 3/32, Depth 0.025 +/-0.003 


8 

Drilled Hole 

Diameter 3/32, Depth 0.050 +/-0.003 


9 

Drilled Hole 

Diameter 3/32, Depth 0.075 +/-0.003 


10 

Drilled Hole 

Diameter 3/32, Depth 0.100 +/-0.003 


11 

EDM Slot 

Length 0.032 +/-0.005, width 0.003 -0.006, Depth 0.025 +/-0.003 


12 

EDM Slot 

Length 0.032 +/-0.005, Width 0.003 -0.006, Depth 0.050 +/-0.003 


13 

EDM Slot 

Length 0.032 +/-0.005, Width 0.003 -0.006, Depth 0.075 +/-0.003 


14 

EDM Slot 

Length 0.063 +/-0.005, Width 0.003 -0.006, Depth 0.100 +/-0.003 


15 

EDM Slot 

Length 0.063 +/-0.005, Width 0.003 -0.006, Depth 0.125 +/-0.003 


16 

EDM Slot 

Length 0.063 +/-0.005, Width 0.003 -0.006, Depth 0.025 +/-0.003 


17 

EDM Slot 

Length 0.094 +/-0.005, Width 0.003 -0.006, Depth 0.050 +/-0.003 


18 

EDM Slot 

Length 0.094 +/-0.005, Width 0.003 -0.006, Depth 0.075 +/-0.003 


19 

EDM Slot 

Length 0.094 +/-0.005, Width 0.003 -0.006, Depth 0.100 +/-0.003 


20 

EDM Slot 

Length 0.094 +/-0.005, Width 0.003 -0.006, Depth 0.125 +/-0.003 


General Notes 




1 

Dimensions in inches. 



2 

Location Tolerances for Holes and Slots: +/- 0.010. 


3 

Tolerance: X.X = +/-0.1, X.XX = +/- 0.01, X.XXX = 0.002 Unless Otherwise Specified. 


4 

Surface finish 63 RHR i 

ar better. Break sharp edges and corners. 


5 

For standard 6A, notch lengths are parallel to curved edge of the part 


6 

For standard 6B, notch lengths are parallel to straight edge of the part 


7 

Curved plate inner radius: 83 +/- 5 


8 

Holes and notches are 

machined perpendicular to machined surface from the convex side 



Use 120 degree tipped drill for drilled holes. 


9 
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NDE Standard 7 A 


STANDARD 7A 



NDE Standard 7B 


Quantity: 1 ea 


Simulates Russian 
module pressure wall 
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NDE Standard 7A and 7B 


Part Name: 

NDE Standard 7Aand 7B 


Part Description: Curved plate with drilled holes and EDM slots 


Hex Notes 

Annotated Entity 

Description 


0 

Plate 

AL 6061 T6, 0.1875 +/-0.002 Thick, 12.00 Long X 12.00 Wide 


1 

Drilled Hole 

Diameter 1/32, Depth 0.025 +/-0.003 


2 

Drilled Hole 

Diameter 1/32, Depth 0.050 +/-0.003 


3 

Drilled Hole 

Diameter 1/32, Depth 0.075 +/-0.003 


4 

Drilled Hole 

Diameter 1/16, Depth 0.025 +/-0.003 


5 

Drilled Hole 

Diameter 1/16, Depth 0.050 +/-0.003 


6 

Drilled Hole 

Diameter 1/16, Depth 0.075 +/-0.003 


7 

Drilled Hole 

Diameter 3/32, Depth 0.025 +/-0.003 


8 

Drilled Hole 

Diameter 3/32, Depth 0.050 +/-0.003 


9 

Drilled Hole 

Diameter 3/32, Depth 0.075 +/-0.003 


10 

Drilled Hole 

Diameter 3/32, Depth 0.100 +/-0.003 


11 

EDM Slot 

Length 0.032 +/-0.005, Width 0.003 -0.006, Depth 0.025 +/-0.003 


12 

EDM Slot 

Length 0.032 +/-0.005, Width 0.003 -0.006, Depth 0.050 +/-0.003 


13 

EDM Slot 

Length 0.032 +/-0.005, Width 0.003 -0.006, Depth 0.075 +/-0.003 


14 

EDM Slot 

Length 0.063 +/-0.005, Width 0.003 -0.006, Depth 0.100 +/-0.003 


15 

EDM Slot 

Length 0.063 +/-0.005, Width 0.003 -0.006, Depth 0.125 +/-0.003 


16 

EDM Slot 

Length 0.063 +/-0.005, Width 0.003 -0.006, Depth 0.025 +/-0.003 


17 

EDM Slot 

Length 0.094 +/-0.005, Width 0.003 -0.006, Depth 0.050 +/-0.003 


18 

EDM Slot 

Length 0.094 +/-0.005, Width 0.003 -0.006, Depth 0.075 +/-0.003 


19 

EDM Slot 

Length 0.094 +/-0.005, Width 0.003 -0.006, Depth 0.100 +/-0.003 


20 

EDM Slot 

Length 0.094 +/-0.005, Width 0.003 -0.006, Depth 0.125 +/-0.003 


General Notes 




1 

Dimensions in inches. 



2 

3 

Location Tolerances for Holes and Slots: +/- 0.010. 

Tolerance: X.X = +/-0.1, X.XX = +/- 0.01, X.XXX = 0.002 Unless Otherwise Specified. 


4 

Surface finish 63 RHR < 

or better. Break sharp edges and corners. 


5 

For standard 7A, notch lengths are parallel to curved edge of the part 


6 

For standard 7B, notch lengths are parallel to straight edge of the part 


7 

Curved plate inner radius: 25 +/- 1 

19 

8 

Holes and notches are 

machined perpendicular to machined surface from the convex side 

9 

Use 120 degree tipped drill for drilled holes. 
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Appendix D. Olympus Omniscan MX UT Results 


Olympus Omniscan MX UT 



Scans below using the OmniScan MX UT portable scanner. 

The scans were performed using Phase Array. 

Ratings: 


0 

Failure to identify important leatures 

1 

Features slightly detectable but not clearly defined 

2 

Undoubtable feature detection 


Average RATING amongst all scans: 

1.62 

Average RATING amongst NDE Standard Scans: 

1.60 

Average RATING amongst impacted plate scans: 

1.27 

Average RATING amongst bond plate scans: 

2.00 


NDE Standard 1A: 

0.00 


Impacted Plate 1 86: 

2.00 


NDE Standard IB: 

0.00 


Impacted Plate 1900: 

0.00 


NDE Standard 2: 

2.00 


Impacted Plate 1907: 

1.33 


NDE Standard 3: 

2.00 


Impacted Plate T3: 

2.00 


NDE Standard 4: 

2.00 


Impacted Plate 243: 

1.00 


NDE Standard 5: 

2.00 





NDE Standard 6A: 

2.00 

Eng. Est. 

Bond Plate 123: 

2.00 

not saved 

NDE Standard 6B: 

2.00 

Eng. Est. 

Bond Plate 158: 

2.00 

not saved 

NDE Standard 7A: 

2.00 

Eng. Est. 

Bond Plate 02 8B: 

2.00 

not saved 

NDE Standard 7B: 

2.00 

Eng. Est. 

Bond Plate 132A: 

2.00 

not saved 
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NDE Shnulanl 1A Notches 


I in Hi*** ol' Samples 







NDE Standard 1A Notches Ciean/Un-Patched Samples 

No images from the IVAstde: Grid impedes scanning of the plate RATING= 0 
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NDE Standard 1 A Notches Taped/Patched Samples 

No images from the IVA side: Grid impedes scanning of the plate RATING= 0 


NDE Standard 1 A Notches Plate/Patched Sam pies 

No images from the IVA side : Grid impedes scanning of the plate RATLNG= 0 

RATING= 0 
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NDK Standard I A Holes 


Image of Samples 



NI)K Standard 1 A Holts < Uan/l n Patched Samples 

No images from the IVA side : Grid im pedes scanning of the plate RATIXG= 0 


NESC Request No.: TI-12-00824 


0 

NASA Engineering and Safety Center 
Technical Assessment Report 

Document #: 

NESC-RP- 

09-00565 

Version: 

1.0 

Title: 

Independent Assessment of Instrumentation 

Page #: 

24 of 396 


for ISS On-orbit NDE 



NDE Standard 1 A Holes Taped/Patched Samples 

No images from the IVA side: Grid impedes scanning of the plate RATING= 0 


NDE Standard 1 A Holes Plate/Patched Samples 

No images from the IVA side: Grid impedes scanning of the plate RATING= 0 

RATING* 0 
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M)K Standard 111 Motrin 


Image ol Samples 



NDE Standard IB Notches Cleait'Un- Patched Samples 

55 1 -NDE1 B-Cle an-Notch-0 1 -Bsc an 


RATING= 0 
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NDE Standard IB Notches 

55 1 -NDE1 B-Tape-Noteh-02-Bsc an 


Taped'Patched Samples 


RATING= 0 



NDE Standard 1 B Notches 


Plale/Putched Samples 

R\TING= 


0 


0 


Plates not scanned, however, engineering estimates can be made by comparison to tape patched plates 
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NDE Standard IB Hole* 


Image of Samples 



NDE Standard IB Holes Cfean/Un- Patched Samples 

55 1 -NDE1 B-Cle an-Hole-0 1 -Bsc an 


RATING= 0 
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NDE Standard 1 B Holes Taped/Patched Samples 

55 l-NDEl B-Clean-Hole-0 1 -Bscan 

(image not created however file data exists) 


RATING 3 


fl 


NDE Standard IB Holes 
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Plate 1900 TapeA'Patched Samples 

1900-tape-r-145 

RATINGS 0 



Plate 1900 


Platc/Patched Samples 

RATING= 0 

RATING= 0 


Plates not scanned however, engineering estimates can be made by comparison to tape patched plates 
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Plate 1907 


Imago of Sample* 



Plate 1907 Oean/Un-Pathed Samples 

1907-clean-l-r 

RATINO 2 

Uncovered plate can also be scanned with a 90 degree probe over parts with contour resolution 
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Plate 1907 TapeA'Patched Samples 

1907-tap-l-r 

RATING^ 1 



Plate 1907 


Platc/Patched Sam pies 

RATING= 1 

RATING= 1.333333333 


Plates not scanned, however, engineering estimates can be made by comparison to tape patched plates 
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Plate 1907 


Image ot Samples 



Plate 1907 Gean/Un-Pafched Sandies 

1907-clean-r-l 

RATING^ 2 

Uncovered plate can also be scanned with a 90 degree probe over parts with contour resolution 
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Plate 1907 Taped/Patched Samples 

19ff7-tape-r-l 

RATINGS 1 



Plate 1907 


Plate/Patched Samples 

RATING= 1 

RATING- 1.333333333 


Plates not scanned, however, engineering estimates can be made by comparison to tape patched plates 
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Plate 15 


Image of Samples 



Plate T3 Cfean/Un- Patted Sandies 

T3-clean-l-r 

RATING= 2 
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Plate T3 Taped/Patched Samples 

T3-tape-l-r 

RATINGS 2 



Plate T3 


Plate/Patched Samples 

RAT!NG= 2 

RAT1NG= 2 


Plates not scanned, however, engineering estimates can be made by comparison to tape patched plates 
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Plate T3 


Image of Samples 



Plate T3 Gean/Un-Pafched Samples 

T3-clean-l-r45 

RATINGS 2 

Uncovered plate can also be scanned with a 90 degree probe over parts with contour resolution 
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Plate T3 Taped/Pathed Samples 

T3-tape-l-r45 

RATING= 2 



Plate T 3 


Plate/Patched Samples 


RATING= 2 

RATLNG= 


2 


Plates not scanned, however, engineering estimates can be made by comparison to tape patched plates 
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Plate T3 


Image of Samples 



Plate T3 Oean/Un-Patched Sandies 

I3-clean-r-l 

RATINGS 2 

U ncovered plate can also b e scanned w ith a 90 degree probe over parts with contour res oktion 
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Plate T3 Tape A'Patched Samples 

T3-tape-r-l 

RATING= 2 



Plate T3 


Plate/Patched Samples 

RATLNG= 2 

RATING= 


2 


Plates not scanned, however, engineering estimates can be made by comparison to tape patched plates 
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Plate T3 Image of Samples 



Plate T3 Cfean/Un-Pat: hed Sanpfes 

T3-clean-r-145 

RATING= 2 

Uncovered plate can also be scanned with a 90 degree probe over parts with contour resolution 
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Plate T3 TapecL'Patched Samples 

T3-tape-r-145 

RAHNG= 2 



Plate T3 


Plate/Patched Samples 

RATING= 2 

RAT1NG= 2 


Plates not scanned, however, engineering estimates can be made by comparison to tape patched plates 
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12243 (FGB impact plait*) 


Image of Samples 



Plate 1 2243 (FGB im pac t p lat e) 


Clean/Un- Patched Samples 


RATING 3 


Plates not scanned, however, engineering estimates can be made by comparison to similar plates 
and the VEO UT phased array system . 
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Plate 12243 (KGB impact p late ) 


Taped/Patched Samples 


RATING= 


Plates not scanned, however, engineering estimates can be made by comparison to similar plates 
and the VEO UT phased array system. 


Plate 12243 (FGB impact plate t Plate/Patched Samples 

RATING= 1 

RATING= I 

Plates not scanned, however, engineering estimates can be made by comparison to similar plates 
and the VEO UT phased array system 
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Plate 123 (Bond Plate) Image of Samples 

c-scan image from water tank 



Plate 123 (B on d Plate) Clean/Tn-Patched Samples 

Scans not saved RAT1NG= 2 
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Plate 158 (Bond Plate) Image of Samples 

c-scan image from water tank 



Plate 158 (Bond Plate) Clean/l n -Patched Samples 

Scans not saved RATING= 2 
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Plate 028B (Bond Plate) Image of Samples 

c-scan image from water tank 



Plate 028B (Bond Plate) Clean/Un-Patched Samples 

Scans not saved 

RATING* 2 
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Plate 132A (Bond Plate) 


Image of Samples 


Plate 132A (Bond Plate) Clean/l'n-Patched Samples 

Scans not saved 

RATING= 2 
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Appendix E. Sonatest Veo Results 


Sonatest VEO 



Scans below using the Sonatest VEO UT portable scanner. 

The scans were performed using Phase Array. 


0 

Failure to identify important features 

1 

Features slightly detectable but not clearly defined 

2 

Undoubtable feature detection 


Average RATING amongst all scans: 

1.62 

Average RATING amongst NDE Standard Scans: 

1.60 

Average RATING amongst impacted plate scans: 

1.27 

Average RATING amongst bond plate scans: 

2.00 


NDE Standard 1A: 

0.00 


Impacted Plate 186: 

2.00 


NDE Standard IB: 

0.00 


Impacted Plate 1900: 

0.00 


NDE Standard 2: 

2.00 


Impacted Plate 1907: 

1.33 


NDE Standard 3: 

2.00 


Impacted Plate T3: 

2.00 


NDE Standard 4: 

2.00 


Impacted Plate 243: 

1.00 


NDE Standard 5: 

2.00 

not saved 




NDE Standard 6A: 

2.00 


Bond Plate 123: 

2.00 


NDE Standard 6B: 

2.00 


Bond Plate 158: 

2.00 


NDE Standard 7A: 

2.00 


Bond Plate 02 8B: 

2.00 


NDE Standard 7B: 

2.00 


Bond Plate 132 A: 

2.00 
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NDE Standard 1A Notches Clean/ln- Patched Samples 

No images from the IVA side : Grid impedes scanning of the plate RATING= 0 
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NDE Standard 1 A Notches Taped/Patched Samples 

No images from die IVA side. Grid impedes scanning of the plate RATING= 0 


NDE Standard I A Notches Plate/Patched Sam pies 

No images from the IVAsidc: Grid impedes scanning of the plate RAT1NG= 0 

RATING= 0 
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NDE Standard 1A Holes 


Image of Samples 



NDE Standard I A Holes Clean/Un- Patched Samples 

No images from the IVA side: Grid impedes scanning of the plate RATING® 0 
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NDE Standard 1A Holes Taped/Patched Samples 

No images from the TVA side Grid impedes scanning of the plate RATING= 0 


NDE Standard 1 A Holes Plate/Patched Samples 

No images from the IVA side: Grid impedes scanning of the plate RATING= 0 

RATING= 0 
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NDE Standard IB Notches 


Image of Samples 



NDE Standard IB Notches Clean/Tn- Patched Samples 

Note: no images were saved: results were similar to those for the Omniscan MX RATING= 0 


NESC Request No.: TI-12-00824 



0 

NASA Engineering and Safety Center 
Technical Assessment Report 

Document #: 

NESC-RP- 

09-00565 

Version: 

1.0 

Title: 

Independent Assessment of Instrumentation 

Page #: 

101 of 396 


for ISS On-orbit NDE 



NDE Standard IB Notches Taped/Patched Samples 

Note: no images were saved: results were similar to those for the Omniscan MX RATING= 0 


NDE Standard IB Notches Plate/Patchrd Samples 

Note: no images were saved: results were similar to those for the Qmmscan MX RATING* 0 

RATING* 0 
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NDE Standard IB Holes 


Image of Samples 



NDE Standard IB Holes Clean/l'n- Patched Samples 

Note: no images were saved: results were similar to those for the Omniscan MX RATING® « 
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NDE Standard IB Holes Tapcd/Patchtd Samples 

Note: no images were saved: results were similar to those for the Omniscan MX RATING= 0 


NDE Standard 1 B Holes Platc/Patched Sam pies 

Note: no images were saved: results were similar to those for the Omniscan MX RATING= 0 

RATING= 0 
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NDE Standard 2 holes 


Image of Samples 
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NPE Standard 2 holes Tapcd/Patclied Samples 

N AS A_std2 -tape-h ol es -2 0 00 1 

N AS A_ std2 -tape-h oles- 1_000 1 RATING= 2 



NDE Standard 2 holes 


Plate/Patched Samples 

RATING= 2 

RATING= 2 
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NDE Standard 2 notches 


Image of Samples 



N I) E Standard 2 notch es 


Clean/IJn-Patched Samples 


RATING* 


2 
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N D T Sta n d a r d 2 n otch es 


Taped/Patched Samples 


HATING® 


2 



NDE Standard 2 n otch es 


Plate/Patched Samples 

RATING® 2 

RATING® 


2 
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NDE Standard 3 


Image of Samples 



NDK Standard 3 

N AS ASTD3-CLEAN B-T- 1 0000 


Clcau/ll n-Patc liod Samp lc« 


RATING® 


2 
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Nl)K Standard 3 

NAS ASTD3-TAPEB-T- 1 _0000 


' 1 ap ed, ''Patella! Samples 


RATING= 


2 



Nl)K Standard 3 

NAS A STD3-PLATE B-T-1 0000 


Plate/ Patella! Samples 

RATING= 

RATlNCJ= 


2 
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NDE Standard 3 


Image of Samples 



NDE Standard 3 

NAS A_STD3-CLEAN_L-R- 1 _0000 


Clean/L'n-Patched Samples 



RATEVG= 
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XDE Standard 3 

NAS A_STD3-TAPE_L-R- 1_0000 


Taped/Patched Samples 



RATEVG= 


2 


XDE Standard 3 

XA S AS TD3 -PL ATER-L- 1 000 2 


Plate/Patched Samples 

RATIXG= 



RATING= 
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NDE Standard 3 


Image of Samples 



N~DE Standard 3 Clean/Un-Pa tched Samples 

NASA_STD3-CLEAN_R-L-2_0000 


jw 



RATINGS 
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XDE Standard 3 Taped/Patched Samples 

NAS A_STD3 -TAPE_R-L- 1_0000 


JW 


• * * 



RATING^ 


2 


NDE Standard 3 

NA S A_STD3-PL ATE_R-L- 1 _0000 


Plate/Patched Samples 

RAIXNG= 


NO It) 


• 

_ » 0 

001 

0 110 

^ d 

enow 

•0 ^ *§ 

o * 

*• 0# 

4p , 

14. 

orooopj 

E«» 



RATING= 
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NDE Standard 3 


Image of Samples 



Nl)E Standard 3 

NASA STD3-CLEAN T-B-l 0000 


('lcnii/lJu-l’atclial Sample* 


RATING* 8 


2 
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Nl)K Standard 3 

NAS A , S TD3 -TAPE T-B- 1 0000 


Tap ed/Patc lied Samples 


RATING= 


2 


* \ 

© O I 

# ° ^ • * 

• • IT ® • 


i 


NDE Standard 3 


NASA 3TD3-PLATE T-B-l 0000 


Plate/ Pate lied Samples 

RATING^ 


RATING= 
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Plate 551 NDE Standard 4 


Image of Samples 



Plate 551 NDE Standard 4 Clean/l’n- Patched Samples 

551 -clean-hole 

(gain was set too high) RATING® 2 


Plates not scanned, however, engineering estimates can be made by comparison to fact that 
the scans were successful with the tape attached which is a more difficult situation 
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Plate 551 1NDK Standard 4 Taped/Patchcd Sample* 

NASA sld4-tape-hole8-1 0000 

NASA_8td4-tape-holes-2_00Q0 RATTNO 2 

Note; smallest holes were detected. 

Deeper holes were easily delectublo. 

Larger diameter holes were also easily detected 



Plate SSI NI)K Standard 4 Plate/Patclied Samples 

NASA std4 -plato- holes-1 0000 

NASA std4-plalo*holos-2 0000 RATING- 2 

RATING- 2 

Note: two smallest holes were at the noise floor 
Deeper holes wore easily detectable. 

Larger diameter holes were also easily detected. 
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Man 551 NDE Standard 4 


Imago of Samples 



Platt SSI NDE Standard 4 Clean/Un- Patched Samples 

551 -clean-notch 

Plates not scanned, however, engineering estimates can be made by comparison to fact that 
the scans were successful with the tape attached which is a more difficult situation 


RATING= 
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Plate 551 Nl)K S bin third 4 Taped/Patched Samples 

NASA std4-tape-EDM notches- 1 0000 

NASA std4-tope-EI)M notches-2 0000 RATING® 2 



Hate 55 1 NI)K Standard 4 Plate/Patched Samples 

NASA std4-plate-EDM notehes-1 0000 

NASA_std4-plato-EDM notches-2 _ 0000 RATING® 2 

RATING® 2 
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NI)K Standard 5 


Image of Samples 



SDK Standard 5 


C.'lean/Tn- Patched Samples 


RATING= 2 

Images not saved 

data sim liar Omniscan MX UT phased array system 
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NDE Standard 5 


Taped/Patched Samples 


RATING^ 2 

Images not saved 

data similar Omniscan MX UT phased array system 


NDK Standard S 


Hate/Patched Samples 


RATINGS 2 

RATING= 2 

Images not saved. 

data similar Omniscan MX UT phased array system. 


NESC Request No.: TI-12-00824 


0 

NASA Engineering and Safety Center 
Technical Assessment Report 

Document #: 

NESC-RP- 

09-00565 

Version: 

1.0 

Title: 

Independent Assessment of Instrumentation 

Page #: 

122 of 396 


for ISS On-orbit NDE 




Nl)K Standard 6A Clean/Un- Patched Sample* 

NASA std6A -clean-holes- 10000 

NASA std6A-clean-holes-2 0000 RATING= 2 

Note: smallest holes were detected. 

Deeper holes were easily delectable. 

Larger diameter holes were also easily detected. 
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NPK Standard 6A Tupcd/Patchcd Samples 

NASA std6A-tapc -holcs-1 0000 

NASA_std6A-tape-holes-2_0000 RATING* 2 

Note: smallest holes were detected. 

Deeper holes were easily detectable. 

Larger diameter holes were also easily detected. 



NPE Standard 6A Plate/Patched Samples 

RATING 3 2 

RATING 3 2 

Plates not scanned, however, engineering estimates can be made by comparison to fact that 
the scans were successful with the tape attached which is a more difficult situation 
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NDE Standard 6B 


Image of Samples 



NDK Standard 613 Clean/Un-Patched Samples 

NASA std6B-cloan-EDM notches-] 0000 

NASA std6B-cloan- EDM notchos-2 0000 RATING- 2 

Note: smallest EDM notch on wore detected, 

Deeper notches were easily delectable, 

Longer notches were also easily detected. 
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NPK Stundurd 61? Tup ed/I ’etched Samples 

NASA Rtd6Q-tape*EDM notohos-1 0000, png 

NASA «td6B-tape-EDM notches-2 0000, png RATING- 2 

Note: smallest EDM notches were detected. 

Deeper notches wore easily detectable, 

Longernotches were also easily deLected. 



NDE Standard 6 B 


Plate/Patched Samples 

RATLNG= 2 

RATING= 2 


Plates not scanned however, engineering estimates can be made by comparison to fact that 
the scans were successful with the tape attached which is a more difficult situation 
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NDE Standard 7 A Image of Samples 




NDK Standard 7 A 


Cleanfl'n- Patched Samples 


RATING= 


2 


Plates not scanned, however, engineering estimates can be made by comparison to fact that 
the scans were successful with the plate patch attached which is a more difficult situation 
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NDE Standard 7 A 


Tapcd/Palchcd Samples 


RATL\G= 


2 


Plates not scanned, however, engineering estimates can be made by comparison to fact that 
the scans were successful with the plate patch attached which is a more difficult situation 


NHK Standard 7A 

N/\S /\ STD7 A -pi ate-HOLES-3 00 00 


Note: smallest holes were detected 

Deeper holes were easily detectable, 

Larger diameter holes were also easily detected 


Plate/ Pate lied Samples 

RATING- 2 

RATING- 


2 
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NDE Standard 7A 


Image of Samples 




N1)K Standard 7A 


Clean/Un- Patched Samples 


RATING^ 


2 


Plates not scanned, however, engineering estimates can be made by comparison to fact that 
the scans were successful with the plate patch attached which is a more difficult situation 
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NDE Standard 7A 


Tapcd/Patchcd Samples 


RATING^ 


2 


Plates not scanned, however, engineering estimates can be made by comparison to fact that 
the scans were successful with the plate patch attached which is a more difficult situation 


NDK Standard 7A 

NASA_STD7A-plato-EDM-3_0000 


Note: smallest holes were delected. 


Plate/Patclied Samples 

HAT UNTO 2 

RAT mo- 2 


Deeper holes were easily detectable, 

Larger diameter holes were also easily detected. 
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NDE Standard 7B 


Clean/l'n- Patched Samples 


RATING* 


2 


Plates not scanned, however, engineering estimates can be made by comparison to fact that 
the scans were successful with the tape attached which is a more difficult situation 
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NDE Standard 7B Taped/Patclied Samples 

NASA STD7B-lape -HOLES- 1_0000 

NASA_STD7B-tape -HQLES-2 0000 RATlNG= 2 



NDE Standard 7B Plate/Patched Samples 

NAS A_STD7B-p1ate-HOLES- 1 _0000 

NASA STD7B-plate-HOLES-2_0000 RATINGS 2 

RATING^ 2 
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NDE Standard 7B I mage of Samples 



NDE Standard 7B 


Clean/Un- Patched Samples 


RATING= 2 

Plates not scanned, however, engineering estimates can be made by comparison to fact that 
the scans were successful with the tape attached which is a more difficult situation 
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NDK Standard 7H Taped/Patched Samples 

NASA_STD7B-tape-EDM- l_0000,png 

NASA.STD7B-tape-EDM-2_0000.png RATING= 2 



NDK Standard 713 Plate/Patched Samples 

NASA STD7 B-plato-EDM- 1 OOOO.png 

NASA_STD7B-plale-EDM-2_0000.png RATING- 2 

RATING- 2 
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Plate 1 ST. 


Image of Samples 



Plate 186 


Clean/U 11-Pate lied Samp les 


NAS A_1 86-CLEAN-B-T- 1 _000 0 


RATING= 


2 



NESC Request No.: TI-12-00824 


0 

NASA Engineering and Safety Center 
Technical Assessment Report 

Document #: 

NESC-RP- 

09-00565 

Version: 

1.0 

Title: 

Independent Assessment of Instrumentation 

Page #: 

135 of 396 


for ISS On-orbit NDE 



Plate 186 


Tap ed/Patr lied Samples 


NASA. 186-TAPE B-T-01 0000 


RATING= 


2 



3 . 

g 




Plate 186 


Plate/ Patrlml Samples 


RATING® 2 

RATING* 


3 . 

g 



* 
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Plate 186 


Image of Samples 



Plate 186 


NAS A J 86-CLFAN-T-B-l _0000 


Clean/ 1 In- Pate Iml Sample* 


RATING 


2 
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Plate 186 


NAS A 18 6-TAPE _T-B- 02^000 0 


Tap ed/Patt li oil Samp 1 cs 


RATING= 


2 



NASA_186-PLATE_T-B-02_0000 Plate/Patrhrd Sample* 

RATINC5= 2 

RATING= 2 
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Plate 1900 


Image of Samples 



Plate 1900 Clean/Un-Patched Samples 

NASA_1900~CLEAN_B-T-1_0000 Uncovered plate can also be scanned with a 90 degree probe 

(B-Scan) over parts for contour resolution RATE\G= 0 



Not able to detect large 
cracks from 4" away. 
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Plate 1900 Taped/Patched Samples 

NASA_1 900-TAPE_B -T- 1 _0000 

(B-Scan) RATING= 0 



Plate mm 

NAS A 1 9 00-PLATE-B-T- 1 _0000 


Pla tel l x at died Samp lot 

ratiNg= 

RATING- 


0 
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Plate 1900 Clean/Un-Patched Samples 

NASA_1900-CLEAN_B-T45-1_0000 Uncovered plate can also be scanned with a 90 degree probe 

(B-Scan) over parts for contour resolution RATING= 0 



Not able to detect large 
cracks from 4" away. 
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Plate 1900 Taped Patched Samples 

NASA_1900-TAPE_B-T45-3_0000 

(B-Scan) RATINGS 0 



Plate 1900 Plate/Patched Samples 

RATING* 0 

RATING* 0 

Plates not scanned, however, engineering estimates can be made by comparison 
to the scans made with and without the tape attached. 
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Plate 1900 


Image of Samples 



Plate 1900 Clean/Un-Patched Samples 

NASA_1 900-CLEAN_T-B-l_0000 Uncovered plate can also be scanned with a 90 degree probe 

(B-Scan) over parts for contour resolution RATING= 0 


Not able to detect large 
cracks from 4’" away. 
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Plate 1900 Taped/Patched Samples 

NASA_1 90 0-TAPE_T-B-3_0 00 0 

(B-Scan) RATING= 0 



Plate 1900 Plate/ Pate lied Samples 

NASA 1 900-PL ATB-T-B- 1 . 0000 

RATlNG= 0 

rating™ o 
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Plate 1900 


linage of Samples 



Plate 1900 Clean/Un-Pa tched Samples 

NASA_1900-CLEAN_B-T45-1_0000 Uncovered plate can also be scanned with a 90 degree probe 

(B-Scan) over parts for contour resolution RATING= 0 
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Plate 1900 Taped/Patched Samples 

N AS A_1 90G-TAPE_T-B45-2_0000 

(B-Scan) RATING= 0 



Hate 1900 


Plate/Patched Samples 


RATING= 0 

Plates not scanned, however, engineering estimates can be made by comparison RATING® 

to the scans made with and without the tape attached. 
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Piute 1907 


I m:«m' of Sample* 



Plate 1907 Clean/Un-Patched Samples 

Uncovered plate can also be scanned with a 90 degree probe 

over parts for contour resolution RATING= 2 


Engineering estimates can be made by comparison 
to the scam made with the tape attached. 
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Plate 1907 Taprd/Patcknl Samples 

NASA 1 907-TAPEL-R- 1 0000 

(B-Scan) RATING- 



1 


Plate 1907 Plate/Patched Samples 

NAS A_1 90 7 -PL ATE_L-R- 1 _0000 

(Top-Scan) RATING* 1 

RATING* 1.333333333 
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Plate 1^07 


Image of Sampler 



Plate 1907 Ctean/lln Patched Samples 

N AS A_ 1 90 7-CLE AN_R-L- 1 000 1 Noisy and susceptible to lift ofT due to 

(B-Scan) surface dimples. Top Scan did seem to 

detect some damaite furtlier than tlie B-Scan 



RATING 


2 
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Plate 1907 Tap nl/Patc lied Samples 

N AS A_ 1 907-TAPER-D 1 _0000 

(B-Scan) RATING 3 1 



Plate 1907 Plate/Patched Samples 

NASA_1907-PLATE_R-L-1_0000 

(Top-Scan) RATING= 



RATEN'G= 


1.333333333 
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Plate T3 


Image of Samples 



Plate T3 Clean/Un-Patched Samples 

NAS AT 3 -CLEAN L-R-10000 Uncovered plate can also be scanned with a 90 degree probe 

over parts for contour resolution RATING= 
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Plate T3 Taped/Patched Samples 

NASA T3-TAPE L-R-1_0000 

RATING= 2 



Plate T3 Plate/Patched Samples 

NASA_T3-PLATE-R-L- 1_0000 

RATING= 2 
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Plate 13 


Image of Samples 
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Plate T3 Tbped/Patched Samples 

NASAT3-TAPE L-R-1_0000 

RATEN'G= 2 



Plate T3 Plate/Patched Samples 

NAS A_T3-PLATE-R-L-1_0000 

RATING= 2 
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Plate 12243 (FGB impact plate) 


Image of Samples 



Plate 12243 (FGB Impact plate) Clean/Un-Patched Samples 

NAS A_ 243 -PLATE -TT -RT 45-1 _000 1 



Multiple dents 


Lapge hole 


RATING* 


Single element transducer 
mapped out the damage 
faintly. 
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Plate 12243 (FCB impact plate) 


Taped /Patched Samples 


RATING® 


Plate 12243 (FGB impact plate) 


Plate /Patched Samples 

RATLNG= 1 

RATING® I 
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Plate 123 (Bond Plate) linage or Samples 

c-8«ui image from water tank 



Plate 123 (Bond Plate) CleaitUn Patched Samples 

NASAJJSS1 23_0003 

RATING= 2 
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Plate 158 (Bond Plate) Image of Samples 

c-scan image from water tank 



Plate 158 (Bond Plate) Clean/I n-Patched Samples 

NAS A_USS1 58-2 0000 



RATING= 2 
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Plate 028B (Bond Plate) Image of Samples 

c-scan image from water tank 



Plate 02 SB (Bond Plate) Clean/Un-Patched Samples 

N AS A_U SS028B-1_0009 
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Plate 132A (Bond Plate) 


Image of Samples 


Plate 132A (Bond Plate) Clean/Un-Patched Samples 

NAS A_USS 132A- 1_0000 

RATING= 2 
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Appendix F. General Electric® Phasor™ Results 


GE Phasor 



Scans below used the GE Phasor scanner. 


Ratings: 


0 

Failure to identity important leatures 

1 

Features slightly detectable but not clearly defined 

2 

Undoubtable feature detection 


Average RATING amongst all scans: 

1.07 

Average RATING amongst NDE Standard Scans: 

0.80 

Average RATING amongst impacted plate scans: 

0.40 

Average RATING amongst bond plate scans: 

2.00 


NDE Standard 1A: 

0.00 

Eng. Est. 

Impacted Plate 1 86: 

1.00 

Eng. Est. 

NDE Standard 1 B: 

0.00 

Eng. Est. 

Impacted Plate 1900: 

0.00 

Eng. Est. 

NDE Standard 2: 

1.00 


Impacted Plate 1907: 

0.00 


NDE Standard 3: 

1.00 

Eng. Est. 

Impacted Plate T3: 

1.00 

Eng. Est. 

NDE Standard 4: 

1.00 

Eng. Est. 

Impacted Plate 243: 

0.00 

Eng. Est. 

NDE Standard 5: 

1.00 

Eng. Est. 




NDE Standard 6A: 

1.00 

Eng. Est. 

Bond Plate 123: 

2.00 

Eng. Est. 

NDE Standard 6B: 

1.00 

Eng. Est. 

Bond Plate 1 58: 

2.00 

Eng. Est. 

NDE Standard 7A: 

1.00 

Eng. Est. 

Bond Plate 028B: 

2.00 

Eng. Est. 

NDE Standard 7B: 

1.00 

Eng. Est. 

Bond Plate 132A: 

2.00 

Eng. Est. 
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NDE Standard 1A Notches 


linage of Samples 



NDE Standard 1 A Notches 


Clean/Un-Patched Samples 


RAT1NG= 


0 


The only way to see 4" with a shear wave wedge is to declare the sample 
as 1 " thick which causes extreme image distortion 
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M)K Standard IV Notches 


Tapcd/Patchcd Samples 


RATINC= 


0 


The only way to see 4* with a shear wave wedge is to declare the sample 
as P thick which causes extreme image distortion 


NDF. Standard 1 A Notches 


Plate Patched Sam pies 


RAT1NG= 0 

RATING= 0 

The only way to see 4' with a shear wave wedge is to declare the sample 
as 1 * thick which caases extreme image distortion 
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NDE Standard 1A Holes 


Image of Samples 



M)E Standard 1A holes 


C'lean/Un-Patchcd Samples 


RATLNG= 0 


The only way to see 4* with a shear wave wedge is to declare the sample 
as 1" thick which causes extreme image distortion 
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NDK Standard 1A holes 


Taped/Patched Samples 


RATING* 0 


The only way to see 4" with a shear wave wedge is to declare the sample 
as 1" thick which causes extreme image distortion 


- NDK Standard 1A holes 


Plate/Patched Samples 


RATING* 0 

RATING* 0 

The only way to see 4* with a shear wave wedge is to declare the sample 
as 1' thick which causes extreme image distortion 
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NDK S tandard IB Notches 


Image of Samples 



NDE Standard 1 B Notches 


Clean/l'n-Patched Samples 


RATING= 
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The only way to see 4* with a shear wave wedge is to declare the sample 
as 1" thick which causes extreme image distortion 
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NDE S tandard IB Notches 


Taped/Patched Samples 


RATING 3 0 


The only way to see 4" with a shear wave wedge is to declare the sample 
as P thick which causes extreme image distortion 


NDE Standard IB Notches 


Plate/Patched Samples 


RATING 3 0 

RATING 3 0 

The only way to see 4" with a shear wave wedge is to declare the sample 
as 1 " thick which causes extreme image distortion 
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NDK Standa rd IB Holes 


Image of Samples 



N1)K Standard IB Holes 


Clean/Un-Patched Samples 


RATING* 
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The only way to see 4" with a shear wave wedge is to declare the sample 
as 1" thick which causes extreme image distortion 
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NDE Standard IB Holes 


Taped/Patched Samples 


RATING 3 


0 


The only way to see 4" with a shear wave wedge is to declare the sample 
as 1* thick which causes extreme image distortion 


NDE Standard IB Holes Plate/Patched Samples 

RATING 3 0 

RATING 3 0 

The only way to see 4' with a shear wave wedge is to declare the sample 
as 1 " thick which causes extreme image distortion 
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™E..Standar d 2 h pl.es 


Image of Samples 



NDF- Standard 2 holes 


(lean/l'n-Patched Samples 


RATING* 1 


The only way to see 4" with a shear wave wedge is to declare the sample 
as 1 " thick which causes extreme image distortion 
Rating estimated based on engineering estimate 
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NDE Standard 2 holes 


Taped/Patched Samples 


The only way to see 4" with a shear wave wedge is to declare the sample 
as 1" thick which causes extreme image distortion 
Rating estimated based on engineering estimate 


NDF. Standard 2 holes Plate/Patched .Samples 

RATLNG= 1 

RATING^ 1 

The only way to see 4" with a shear wave wedge is to declare the sample 
as 1 " thick which causes extreme image distortion 
Rating estimated based on engineering estimate 
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NDE Standard 2 notches 


Image of Samples 



NDF. Standard 2 notches 


Clean/l Jn-Patched Samples 


RATLNG= 1 


The only way to see 4’ with a shear wave wedge is to declare the sample 
as 1 " thick which causes extreme image distortion 
Rating estimated based on engineering estimate 
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NDK Standard 2 notches 


Tiiped/Patchcd Samples 


The only way to see 4” with a shear wave wedge is to declare the sample 
as 1" thick which causes extreme image distortion 
Rating estimated based on engineering estimate 


NDE Standard 2 notches Plate/Patched Samples 

RATI.\’G= 1 

RAT1NG= 1 

The only way to see 4“ with a shear wave wedge is to declare the sample 
as 1’ thick which causes extreme image distortion 
Rating estimated based on engineering estimate 
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NDE Standard 3 


Imago of Samples 



NDE Standard 3 


Clean/Un- Patched Samples 


RATING= 1 

The only way to see 4" with a shear wave wedge is to declare the sample 
as 1" thick which causes extreme image distortion 
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NDE Standard 3 


Taped/Patched Samples 


RATL\G= 1 

The only way to sec 4” with a shear wave wedge is to declare the sample 
as 1’ thick which causes extreme image distortion 
Rating estimated based on engineering estimate 


NDE Standard 3 Plate/Patched Samples 

RATING= 1 

The only way to see 4" with a shear wave wedge is to declare the sample RATLNG= 1 

as 1 * thick which causes extreme image distortion 
Rating estimated based on engineering estimate 
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NDE Standard 3 


Image of Samples 



NI)K Standard 3 


( 'lean/l )n-l*att'licd Samples 


RATING- I 

Scanned with a zero degree wedge 
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NDE Standard 3 


Taped/Patched Samples 


RATING= 1 

The only way to see 4' with a shear wave wedge is to declare the sample 
as 1* thick which causes extreme image distortion 
Rating estimated based on engineering estimate 


NDE Standard 3 


Plate/Patched Samples 


RATING® 0 

The only way to see 4" with a shear wave wedge is to declare the sample RATING= 0.666666661 

as 1" thick which causes extreme image distortion 
Rating estimated based on engineering estimate 
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Pla te 55 1 N DE Standard 4 holes Image of Samples 



Plate 551 N»K Standard 4 holes 


CleanA'n-Patched Samples 


The only way to sec 4" with a shear wave wedge is to declare the sample 
as 1" thick which causes extreme image distortion 
Rating estimated based on engineering estimate 
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Plate 55 1 NDE S tandard 4 holes 


Taped/Patched Samples 


RATLNG= 


1 


The only way to see 4" with a shear wave wedge is to declare the sample 
as 1" thick which causes extreme image distortion 
Rating estimated based on engineering estimate 


Plate 551 NPK Standard 4 holes Plate/Patched Samples 

RATING= 1 

RATING* 1 

The only way to sec 4" with a shear wave wedge is to declare the sample 
as 1" thick which causes extreme image distortion 
Rating estimated based on engineering estimate 
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Plate 551 NI)K Standard 4 notches 


Image of Samples 



Plate 551 SDK Standard 4 notches 


Clean/l n Patched Samples 


RATING* 


The only way to see 4’ with a shear wave wedge is to declare the sample 
as 1 " thick which causes extreme image distortion 
Rating estimated based on engineering estimate 
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Plate 551 NI)E Standard 4 notches 


Taped/Patched Samples 


RATUSG= 1 


The only way to see 4’ with a shear wave wedge is to declare the sample 
as 1" thick which causes extreme image distortion 
Rating estimated based on engineering estimate 


Plate 5 51 NDE Standard 4 notches Plate/Patched Samples 

RATING- 1 

RATING= 1 

The only way to sec 4" with a shear wave wedge is to declare the sample 
as 1 “ thick which causes extreme image distortion 
Rating estimated based on engineering estimate 
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NI)K Standard 5 


Image of Samples 



NDE Standard 5 


Clean/Un-Patchcd Samples 


RATING= 1 

The only way to see 4” with a shear wave wedge is to declare the sample 
as 1 " thick which causes extreme image distortion 


NESC Request No.: TI-12-00824 


0 

NASA Engineering and Safety Center 
Technical Assessment Report 

Document #: 

NESC-RP- 

09-00565 

Version: 

1.0 

Title: 

Independent Assessment of Instrumentation 

Page #: 

182 of 396 


for ISS On-orbit NDE 



NDE Slandard 5 


Taped/Patched Samples 


RATING= 1 

The only way to see 4" with a shear wave wedge is to declare the sample 
as 1* thick which causes extreme image distortion 
Rating estimated based on engineering estimate 


NDE Standard 5 Plate/Patched Samples 

RATING® I 

The only way to see 4" with a shear wave wedge is to declare the sample RATING® 1 

as 1" thick which causes extreme image distortion 
Rating estimated based on engineering estimate 
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NDE Standard 6 V 


Clean/ln-Patched Samples 


RATING= 1 

The only way to see 4" with a shear wave wedge is to declare the sample 
as 1 " thick which causes extreme image distortion 
Rating estimated based on engineering estimate 
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NDE Standard 6 A 


Tuped/Patched Samples 


RATL\G= 1 

The only way to see 4" with a shear wave wedge is to declare the sample 
as 1 ’ thick which causes extreme image distortion 
Rating estimated based on engineering estimate 


1NDK Standard 6A 


Plate/Patched Sam pies 


RATING^ 1 

The only way to see 4" with a shear wave wedge is to declare the sample RATING= 1 

as 1" thick which causes extreme image distortion 
Rating estimated based on engineering estimate 
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Image of Samples 



NPE Standard 6B 


Clean/Un-Patched Samples 


RATING* 1 

The only way to see 4" with a shear wave wedge is to declare the sample 
as 1* thick which causes extreme image distortion 
Rating estimated based on engineering estimate 
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NDE Standard 6B 


Taped/Patched Samples 


RATING= 1 

The only way to see 4" with a shear wave wedge is to declare the sample 
as 1” thick which causes extreme image distortion 
Rating estimated based on engineering estimate 


NDE Standard 6B 


Plate/Patched Samples 


RATING 9 1 

The only way to see 4" with a shear wave wedge is to declare the sample RATING= 1 

as 1" thick which causes extreme image distortion 
Rating estimated based on engineering estimate 
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NDE St andard 7 A notches 


Ini aye of Samples 




NDE Standard 7A notches 


Clean/Un-Patched Samples 


RATING= 1 

The only way to see 4" with a shear w r avc w'cdgc is to declare the sample 
as 1 " thick which causes extreme image distortion 
Rating estimated based on engineering estimate 
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NDK Standard 7A notches 


Taped/Patched Samples 


RATING- 1 

The only way to see 4" with a shear wave wedge is to declare the sample 
as 1" thick which causes extreme image distortion 
Rating estimated based on engineering estimate 


- \DE Stand ard 7A notc hes 


Plate/Patched Samples 


RATING= 1 

The only way to see 4’ with a shear wave wedge is to declare the sample RATLNG= 1 

as 1" thick which causes extreme image distortion 
Rating estimated based on engineering estimate 
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NDE Standard 7 A holes 


Image of Samples 




NDE Standard 7A holes 


Clean/l'n-Patched Samples 


RATING= 1 


The only way to see 4” with a shear wave wedge is to declare the sample 
as 1“ thick which causes extreme image distortion 
Rating estimated based on engineering estimate 
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M)F Standard 7A holes 


Taped/Patched Samples 


RATING* 5 


The only way to see 4" with a shear wave wedge is to declare the sample 
as 1" thick which causes extreme image distortion 
Rating estimated based on engineering estimate 


NDE Standard 7A holes 


Plate/Patched Samples 

RATING* 5 

RATING= 


The only way to see 4* with a shear wave wedge is to declare the sample 
as 1 " thick which causes extreme image distortion 
Rating estimated based on engineering estimate 
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NDK Standard 7B notches 


lunge of Samples 



M)K Standard 7B notches 


CleanA : n -Patched Samples 


RATLNG= 1 

The only way to see 4" with a shear wave wedge is to declare the sample 
as 1" thick which causes extreme image distortion 
Rating estimated based on engineering estimate 
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NDE Standard 7B notches 


Taped/Patched Samples 


RATLNG= 1 

The only way to see 4" with a shear wave wedge is to declare the sample 
as 1 “ thick which causes extreme image distortion 
Rating estimated based on engineering estimate 


NDE Standard 7B notches 


Plate/Patched Samples 


RATING- 1 

The only way to see 4" with a shear wave wedge is to declare the sample RATING= 1 

as 1 ” thick which causes extreme image distortion 
Rating estimated based on engmeering estimate 
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NDE Standard 7B Image of Samples 




NDE Standard 7B 


Clean/Tn-Patched Samples 


RATING= 1 

The only way to see 4“ with a shear wave wedge is to declare the sample 
as P thick which causes extreme mi age distortion 
Rating estimated based on engineering estimate 
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NDE Standard 7B 


Taped/Patched Samples 


RATING™ 1 

The only way to see 4" with a shear wave wedge is to declare the sample 
as 1 * thick which causes extreme image distortion 
Rating estimated based on engineering estimate 


NDE Standard 7H Plate/Patched Samples 

RATING™ 1 

The only way to see 4’ with a shear wave wedge is to declare the sample RATING™ 1 

as 1" thick which causes extreme image distortion 
Rating estimated based on engineering estimate 
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Plate 186 


Image of Samples 



Clcan/l'n-Patched Samples 


RATING= 1 

The only way to see 4" with a shear wave wedge is to declare the sample 
as 1“ thick which causes extreme image distortion 
Rating estimated based on engineering estimate 
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Plate 186 


Taped/Patched Samples 


RATING= 1 

The only way to see 4" with a shear wave wedge is to declare the sample 
as 1" thick which causes extreme image distortion 
Rating estimated based on engineering estimate 


Platc/Patchcd Samples 


RATING= l 

The only way to see 4" with a shear wave wedge is to declare the sample RAT1NG= 1 

as 1" thick which causes extreme image distortion 
Rating estimated based on engineering estimate 
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Plate 1900 


Image of Samples 



Plate 1900 


Clean/Un-Patched Samples 


RATING® 


0 


The only way to see 4“ with a shear wave wedge is to declare the sample 
as 2" thick which causes extreme image distortion 
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Plate 1900 


Taped/Patched Samples 


RATING- 


0 


The only way to sec 4’ with a shear wave wedge is to declare the sample 
as 2’ thick which causes extreme image distortion 


Plate 1900 


Plate/Patched Samples 


RATING- 0 

RATING- 


0 


The only w'ay to see 4" with a shear wave wedge is to declare the sample 
as 2 " thick which causes extreme image distortion 
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Plate 1907 


Image of Samples 



Plate 1907 


Clean/Un-Patched Samples 


RATING- 


0 


The only way to see 4" with a shear wave wedge is to declare the sample 
as 1" thick which causes extreme image distortion 
Rating estimated based on engineering estimate 
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Plate 1907 


Taped/Patched Samples 


RATING= 0 


The only way to see 4" with a shear wave wedge is to declare the sample 
as 1" thick which causes extreme image distortion 
Ratmg estimated based on engineering estimate 


Plate 1907 Plate /Patched Samples 

RATINGS 0 

RATL\G= 0 

The only way to see 4" with a shear wave wedge is to declare the sample 
as 1" thick which causes extreme image distortion 
Rating estimated based on engineering estimate 
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Plate T3 


Image of Samples 



Plate T3 


Clcan/Un-Patched Samples 


The only way to see 4" with a shear wave wedge is to declare the sample 
as 1 ‘ thick which causes extreme image distortion 
Rating estimated based on engineering estimate 
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Plate T3 


Taped/ Patched Samples 


RATING= 


The only way to see 4" with a shear wave wedge is to declare the sample 
as 1 " thick which causes extreme image distortion 
Rating estimated based on engineering estimate 


Plate T3 Plate/Patched Sam pies 

RATING* 1 

RATING= 1 

The only way to see 4" with a shear wave wedge is to declare the sample 
as 1 " thick which causes extreme image distortion 
Rating estimated based on engineering estimate 
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I > late 12243 (FGB impact plate) 


Image of Samples 



Plate 12243 (FGB impact plate) 


Clean/Un-Patched Samples 


RATING= 0 


The only way to see 4" with a shear wave wedge is to declare the sample 
as 2" thick which causes extreme mi age distortion 
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Plate 12243 (FGB impact plate) 


Taped/Patched Samples 


RATING* 0 


The only way to see 4' with a shear wave wedge is to declare the sample 
as 2" thick which causes extreme image distortion 


Plate 12243 (FGB impact plate) Plate/Patched Samples 

RATING* 0 

RATING* 0 

The only way to see 4’ with a shear wave wedge is to declare the sample 
as 2" thick which causes extreme image distortion 
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Plate 123 (Bond Plate) Image of Samples 

c-scan image from water tank 



Plate 123 (Bond Plate) 


Clean/Un- Patched Samples 


RATING= 2 

Based on zero angle scans on Std.3, and 

Base on comparison with VEO and Omniscan MX systems, this scanne should 
he able to image the bond flaws satisfactory 
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Plate 158 (Bond Plate) Image of Samples 

c-scan image from water tank 



Plate 158 (Bond Plate) Clean/rn-Patched Samples 

Based on zero angle scans on Std.3, and RATING- 2 

Base on comparison with VEO and Omniscan MX systems, this scanne should 
be able to image the bond flaws satisfactory 
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Plate 028B (Bond Plate) Image of Samples 

c-scaii image from water tank 



Plate 028B (Bond Plate) 


Clean/Tn-Patched Samples 


Based on zero angle scans on Std.3, and RATING= 2 

Base on comparison with VEO and Omniscan MX systems, this scanne should 
be able to image the bond flaws satisfactory 
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Plate 132A (Bond Plate) 


Image of Samples 


Plate 132A (Bond Plate) Clean/l T n-Patched Samples 

Based on zero angle scans on Std.3, and RATING= 2 

Base on comparison with VEO and Omniscan MX systems, this scanne should 
be able to image the bond flaws satisfactory 
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Appendix G. Olympus Omniscan MX EC Results 

Olympus Omniscan MX EC Results 



Scans below used the Omniscan EC Array scanner. 


Ratings: 


0 

Failure to identify important features 

1 

Features slightly detectable but not clearly defined 

2 

Undoubtable feature detection 


Average RATING amongst all scans: 

0.20 

Average R ATING amongst NDE Standard Seans: 

0.60 

Average RATING amongst impacted plate scans: 

0.00 

Average RATING amongst bond plate scans: 

0.00 


NDE Standard 1A 

0.00 

Eng. Est. 

Impacted Plate 186: 

0.00 

Eng. Est. 

NDE Standard IB 

0.00 

Eng. Est. 

Impacted Plate 1900: 

0.00 

Eng. Est. 

NDE Standard 2 

0.67 

Eng. Est. 

Impacted Plate 1907: 

0.00 

Eng. Est. 

NDE Standard 3 

0.67 


Impacted Plate T3: 

0.00 

Eng. Est. 

NDE Standard 4 

1.00 


Impacted Plate 243: 

0.00 

Eng. Est. 

NDE Standard 5 

1.00 

Eng. Est. 




NDE Standard 6A 

0.67 

Eng. Est. 

Bond Plate 123: 

0.00 

Eng. Est. 

NDE Standard 6B 

0.67 

Eng. Est. 

Bond Plate 1 58: 

0.00 

Eng. Est. 

NDE Standard 7A 

0.67 

Eng. Est. 

Bond Plate 02 8B: 

0.00 

Eng. Est. 

NDE Standard 7B 

0.67 

Eng. Est. 

Bond Plate 1 32 A: 

0.00 

Eng. Est. 
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NDE Standard 1A Notches Image of Samples 



NDE Standard 1 A Notches Clean/l’n-Patehed Samples 


RATING= 0 

The ribs interfere with scanning 
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NDK Standard 1A Notches 


Taped/Patched Samples 


RATING- 0 

The ribs interfere with scanning 


\DK Standard 1 \ Notches 


The ribs interfere with scanning 


Plate/Patched Samples 

RATING= 0 

RATING- 0 
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MI > K W«n Paid l . A Ho l es Image of Samples 



NDE Standard 1A Holes Clean/Un-Patched Samples 

RATING= 0 

The ribs interfere with scanning 
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NDE Standard 1 A Holes 


Taped/Patched Samples 


The ribs interfere with scanning 


RATING- 0 


NDE Standard 1A Holes 


Plate/Patched Samples 


The ribs interfere with scanning 


RATING= 0 

RATING— 


0 
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NDK Standard II) Notches 


Image of Samples 



XDE Standard IB Notches Clean/Un-Patched Samples 


The ribs can be seen, but the ribs interfere with the flaw detection 


RATING= 0 
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NDE Standard IB Notches 


Taped/Patched Samples 


The ribs can be seen, but the ribs interfere with the flaw detection 


0 


NDE Stan dard IB Notches 


Plate/Patched Samples 


Can't measure through the plate. 


RATING- 0 

RATING- 


0 
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NDE Standard IB Holes 


Image of Samples 



NDE Standard IB Holes 


Clean/l 'n- Patched Samples 


RATING= 


0 


The ribs can be seen, but the ribs interfere with the flaw detection 
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NDE Standard IB Holes 


Taped/Patched Samples 


RATING— 0 


lire ribs can be seen, but the ribs interfere with the flaw detection 


NDE Standard IB Holes 


Can't measure through the plate. 


Plate/Patched Samples 

RATING- 0 

RATING- 0 


NESC Request No.: TI-12-00824 


0 

NASA Engineering and Safety Center 
Technical Assessment Report 

Document #: 

NESC-RP- 

09-00565 

Version: 

1.0 

Title: 

Independent Assessment of Instrumentation 

Page #: 

218 of 396 


for ISS On-orbit NDE 



NDE Standard 2 holes 


linage of Samples 



NDE Standard 2 holes Clean/Un-Patched Samples 


RATING= 1 

Engineering evaluation is that it would meaure the deepest holes. See std 4. 
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NDE Standard 2 holes 


Taped/Patched Samples 


RATING 1 

Engineering evaluation is that it would meaure the deepest holes, 
even through the tape, but with some degradation. See std 4. 

This system will still have trouble w ith the tape patch at the repair’s center 


NDE Standard 2 holes Plate/Patched Samples 

RATING- 0 

Can’t measure through the plate. RATING= 0.666666667 
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NDE Standard 2 notches 


Image of Samples 



NDE Standard 2 notches Clean/Un-Patch ed Samples 


RATING= 1 

Engineering evaluation is that it would meaure the deepest notches. See std 4. 
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NDE Standard 2 notches 


Taped /Patched Samples 


RATING^ 1 

Engineering evaluation is that it would meaure the deepest notches, 
ev en through the tape, but with some degradation. See std 4. 

This system will still have trouble with the tape patch at the repair's center 


NDE Standard 2 notches Plate/Patched Samples 

RATING= 0 

RATING= 0.666666667 

Can’t measure through the plate. 
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NDE Standard 3 


Image of Samples 



NDE Standard 3 


CleaitU n Patched Samples 


RATIN G= 1 
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NDK Standard 3 


Taped/Patched Samples 


RATING* 1 

This system will still have trouble with the tape patch at the repair’s center 

Engineering evaluation Is that it w ould meaure through the tape w ith some degradation See Std 4. 


NDK S tandard 3 


Can’t measure through the plate. 


Mate/Patched Samples 

RATING= 0 

RATING^ 0.666666667 
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Plate 551 NDE Standard 4 holes Image of Sam pies 



Plate 551 NDE Standard 4 holes Cleaji/Un-PatcHed Samples 


RATING^ 2 
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Plate 551 NDE Standard 4 holes Taped /Patched Samples 

This system will still have trouble with the tape patch at the repair 1 s center RATING= 1 



Plate 5 51 NDE St andard 4 ho les Plate/Patched Samples 

RATING- 0 

RATI NO 1 

Can't measure through the plate. 
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Plate 551 NDE Standard 4 notches Image of Sam pies 



Plate 551 NDE Stand a id 4 notches CleanyU n-Patched Samples 
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Plate 551 NDE Standard 4 notches 


Taped/Patched Samples 


RATING^ 1 


This system will still have trouble with the tape patch at the repair's center 

Engineering evaluation is that it would meaure through the tape with some degradation See Std 4. 


Plate 551 NDE Standard 4 notches Plate/Patched Samples 

RATING* 0 

RATING= 1 

Can't measure through the plate. 
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NDE Standard S 


Image of Samples 



NDE Standard 5 


Clean/Un-Patched Samples 


Engineering evaluation is that it would meaure through this 1/16" thick sample. See Std 3 & 4. 


RATING= 


2 
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NDE Standard 5 Taped. Patched Samples 

This system will still have trouble with the tape patch at the repair’s center 

Engineering evaluation is that it would nteaure thiough the tape with some degradation See Std 4. 



KATIN G- 


1 


NDE Standard 5 Plate/Patched Samples 

RATING* 0 

RATING= 1 

Can't measure through the plate. 
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NDE Standard 6A holes Clean/Un-Patched Samples 


RATING* 1 


Engineering evaluation is that it would meaure the deepest holes. See std 4. 
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NDE Standard 6A holes 


Taped/Patched Samples 


RATING= 1 


Engineering ev aluation is that it would meaure the deepest holes, 
ev en through the tape, but with some degradation. See std 4. 

This system will still have trouble with the tape patch at the repair's center 


NDE Standard 6A holes Plate/Patched Samples 

RATING= 0 

RATING= 0.666666667 

Can't measure through the plate. 
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NDE Stsi mhirri 6B notches 


Image of Samples 


2r±r\ ra. noogio 

HOE ST*ND**D €>b 



NDE Standard 6B notches Clean/Un-Patch ed Samples 


Engineering evaluation is that it would mcaure the deepest notches. See std 4. 


RATING® 
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NDE Standard 6B notches 


Taped/Patched Samples 


RATING* 1 

Engineering evaluation is that it would meaure the deepest notches, 
even through the tape, but w ith some degradation. Sec std 4. 

This system will still have trouble with the tape patch at the repair's center 


NDE Standard 6B notches Plate/Patched Samples 

RATING* 0 

RATING* 0.666666667 

Can't measure through the plate. 
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NDE Standard 7 A holes 


Image of Samples 




NDE Standard 7 A holes Clean/Un-Patched Samples 


RATING^ 1 

Engineering evaluation is that it would meaure the deepest holes. See std 4. 
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NDF. Standard 7A holes 


Taped/Patched Samples 


RATINO 1 

Engineering evaluation is that it would tneaure the deepest holes, 
even through the tape, but with some degradation. See std 4. 

This system will still have trouble with the tape patch at the repair's center 


NDE Standard 7A holes 


Plate/Patched Samples 


Can’t measure through the plate. 


RATING= 0 

RATINO 0.666666667 
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NPE Standard 7 A notches Image of Samples 




NDE Standard 7 A notches Clean/l'n -Patched Samples 


RATING= 1 


Engineering evaluation is that it would meaure the deepest notches. See std 4. 
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NDE Standard 7A notches 


Taped/Patched Samples 


RATING= 1 


Engineering ev aluation is that it would meaure the deepest notches, 
ev en through the tape, but with some degradation. See std 4. 

This system will still have trouble with the tape patch at the repair's center 


NDE Standard 7 A notches Plate/Patched Samples 

RATING= 0 

RATING= 0.666666667 

Can’t measure through the plate. 
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NDE Standard 7H holes 


Clean/l 'n- Patched Samples 


RATING= 


Engineering ev aluation is that it would meaurc the deepest holes. See std 4. 
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NDE Standard 7H holes 


Taped/Patched Samples 


RATING= 1 


Engineering ev aluation is that it would meaure the deepest holes, 
even through the tape, but w ith some degradation. See std 4. 

This system will still have trouble with the tape patch at the repair’s center 


NDE Standard 7B holes Plate/Patched Samples 

RATINO 0 

RATING- 0.666666667 

Can't measure through the plate. 
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NDE Standard 7B notches Image of Samples 




NDE Standard 7B notches Ciean/Un-Patched Samples 


RATI NO 


Hngineering evaluation is that it would meaure the deepest notches. See std 4. 
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NDK Standard 7B notches 


Taped/Patched Samples 


RATING* 1 


Engineering evaluation Is that it would meaure the deepest notches, 
ev en through the tape, but with some degradation. See std 4. 

This system will still have trouble with the tape patch at the repair's center 


NDE Standard 7B notches Plate/Patched Samples 

RATING= 0 

RATING= 0.666666667 

Can’t measure through the plate. 
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Plate 186 


Image of Samples 



Plate 186 


Clean/Un-Patched Samples 


Sample's surface was too uneven to measure 
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Hate 186 


Taped/Patched Samples 


Sample's surface was too uneven to measure 


RATING- 0 


Plate 186 


Plate/Patehed Samples 


Can’t measure through the plate. 


RATING® 


RATING® 


0 


0 
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Plate 1900 


Image of Samples 



Hate 1900 


Clean/1 T n-Patched Samples 


RATING= 0 

Sample's surface was too uneven to measure 
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Plate 1900 


Taped/Patched Samples 


RATING= 0 

Sample's surface was too unev en to measure 


Plate 1900 


Plate/Patched Samples 


Can't measure through the plate. 


RATING= 0 

RATI.\G= 


0 
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Plate 1907 


Image of Samples 



Plate 1907 


Clean/Un -Patched Samples 


RATING= 0 

Sample's surface was too unev en to measure 
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Plate 1907 


Taped/Patched Samples 


RATING= 0 

Sample's surface was too uneven to measure 


Plate 1907 


Can't measure through the plate. 


Plate/Patched Samples 

RATING= 0 

RAXING** 0 
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I’hitt' T3 


Imam* of Samples 



Plate 13 


C’leanATn-Patched Samples 


RATING® 0 

Sample's surface was too uneven to measure 
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Plate T 3 


Taped/Patched Samples 


RATI NO 0 

Sample's surfaee was too unev en to measure 


Plate 13 


Can't measure through the plate. 


Plate/Patched Samples 

RATI NO 0 

RATINO 0 
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Plate 12243 (FGB impact plate) 


Image of Samples 



Plate 12243 (FGB impact plate) Clean/I VPatched Samples 


RATING- 0 


Sample's surface was too uneven to measure 
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Plate 12243 (FGB impact plate) 


Taped/Patched Samples 


RATING* 0 


Sample's surface was too uneven to measure 


Plate 12243 (FGB impact plate) 


Can't measure through the plate. 


Plate/Patched Samples 

RATING* 0 

RATING* 0 
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Plate 123 (Bond Plate) Image ol Samples 

c-scan image from water tank 



Plate 123 (Bond Plate) 


Clean/l T n-Patched Samples 


RATING* 0 

Sample is too thick for probe to measure 
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Plate 158 (Bond Plate) 


Image of Samples 


c-scan image from water tank 



Plate 158 (Bond Plate) 


Clean/l'n-Patched Samples 


RATING= 0 

Sample is too thick for probe to measure 
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Plate 028B (Bond Plate) Image of Samples 

c-scan image from water tank 



Plate 028B (Bond Plate) Clean/Un-Patched Samples 


Sample is too thick for probe to measure 


RATING= 0 
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Plate 132A (Bond Plate) 


Image or Samples 


Plate 132A (Bond Plate) Clean/Un-Patchcd Samples 


RATING= 0 

Sample is too thick for probe to measure 
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Appendix H. UniWest® 454A/ECS3 Results 

UniWest EC S3 


Scans below used the UniWest 454A ECS3 scanner. 



Failure to identify important features 

1 

Features slightly detectable but not clearly defined 

2 

Undoubtable feature detection 


Average RATING amongst all scans: 

0.07 

Average RATING amongst NDE Standard Scans: 

0.20 

Average RATING amongst impacted plate scans: 

0.00 

Average RATING amongst bond plate scans: 

0.00 


NDE Standard 1A: 

0.00 

NDE Standard IB: 

0.67 

NDE Standard 2: 

0.00 

NDE Standard 3: 

0.00 

NDE Standard 4: 

0.67 

NDE Standard 5: 

0.67 

NDE Standard 6A: 

0.00 

NDE Standard 6B: 

0.00 

NDE Standard 7 A: 

0.00 

NDE Standard 7B: 

0.00 


Eng. Est. 
Eng. Est. 


Impacted Plate 186: 

0.00 

Impacted Plate 1900: 

0.00 

Impacted Plate 1907: 

0.00 

Impacted Plate T3: 

0.00 

Impacted Plate 243: 

0.00 



Bond Plate 123: 

0.00 

Bond Plate 158: 

0.00 

Bond Plate 02 8B: 

0.00 

Bond Plate 1 32A: 

0.00 
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NDE Standard IA Notches 


Image of Sample 



NDE Standard 1 A Notches Clean/Un Patched Samples 

NASA stdl A dean EDM notches 2.csl'.EMF 

NASA sldlA clean EDM nolchcs2-2.csf.EMF RATING= 0 

NASA stdl A dean EDM notdics2-3.csf.EMF 


No images from the IVA side; Grid impedes scanning ol'tlie standard 
EVA side No images from the IVA side; Grid impedes scanning of the plate 

From EVA side, 0.100 length x 0.010 deep EDM notches detected 



NASA stdl A clean EDM notches l-2.csf.EMF 
NASA stdl A EDM clean notchcsl-3.csf.EMF 
EVA side 
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NDK Standard 1 A Notches 


Taped/Patched Samples 


RATING= 0 

No images from the IVAside: Grid impedes scanning of the standard 


NDE Standard t A Notches 


Plate/Patched Samples 


RATING= 0 

No images from the I VA side: Grid impedes scanning of the standard RAT1NG= 0 

Plate wouldn't work on this side 
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NDK Standard 1A Holes 


Image of Sample 



INDK Standard 1 A Holes Clean I n Patched Samples 

NASA sldl A clean partial holes2.csf.EMF 

NASA stdl A dean partial holes2-2.csf.EMF RATING^ 0 

NASA sldl A clean partial (ioles2-3.csf.EMF 


EVA side No images from the IVA side: Grid impedes scanning of the standard 

From EVA side,3/64" dia. x 0.010 deep holes detected 




NASA stdl A clean partial holcsl.csf.EMF 
NASA stdl A clean partial holcsl-2.csf.EMF 
NASA stdl A clean partial holcsl-3.csf.EMF 
EVA side 
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NDF. Standard 1 A Holes 


Taped/Patched Samples 


No images from the IVAside: Grid impedes scanning of the standard 


RATING= 


0 


NT)F Standard l A Holes 


Plate/Patchcd Samples 


RATING® 0 

No images from the IVA side Grid impedes scanning of the standard RATING® 0 

Plate wouldn’t work on this side 
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NDE Standard • B Notches 


Image of Sample 



N’DF. Standard I R Notches Clean 1 In Patched Samples 

NASA std IB dcanEDM notchcslcsf.HMF 
NASA stdl B clean FDM notches2-2.CKf.FMF 

NASA sldlB clean HDMnolchcs2-3.csf.EMF RATING- 2 


IVA Sitle Haws are detectable through die wall 

From IVA side. 0.100 length x 0.010 deep EDM notches detected 



NASA std IB clean EDM notches l.csfEMF 
NASA stdlB clean FDM notches l-2.csf.FMF 
NASA stdlB clean EDM notches 1-3. csf.EMF 
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NDE Standard IB Notches Taped Patched Samples 

NASA stdlB tape EDM nolchcs2.csf.EMF 
NASA stdlB lape EDM nolchcs2-2.csf.EMF 

NASA stdlB tape EDM notdies2 3.csf.EMF RATING^ 0 

flaws arc not ddcclablc through the lape and wall 


i CTi «xr 


« 



NASA stdlB tape EDM notchcsl.csf.EMF 
NASA stdlB tape EDM notchcsl-2.csf.EMF 
NASA stdlB tape EDM notchcsl-3.csf.EMF 



NDE Standard 1 B N otches 


Plate/Patched Samples 


RATING= 0 

Note: no images were saved. System is unable to work through the plate RATING= 0.666666667 

Plate wouldn't work on this side 
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NDE Standard IB Holes 


Image ot Sample 



NDE Standard ID Holes Clean TJn Patched Samples 

NASA stdlB clean partial holcs2.csf.EMF 

NASA stdlB clean partial holcs2-2.csf.EMF RATING= 2 

NASA stdlB clean partial holes2-3.csf.EMF 

From IVA side.3/64" dia. x 0.010 deep holes detected 



NASA stdlB clean partial holcsl.csf.EMF 
NASA stdlB clean partial holesl-2.csf.EMF 
NASA stdlB clean partial holcsl-3.csf.EMF 
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NDK Standard IB Holes I aped latched Samples 

NASA stdlB tape partial holcs2.csf.EMF 

NASA stdlB tape partial holcs2-2.csf.EMF RATING- 0 

NASA stdlB tape partial holes 2-3. csf.EMF 

flaws arc not detectable throujch the tape and wall 



NASA stdl B tape partial holes I. csf.EMF 
NASA stdl B tape partial holes 1-2. csf.EMF 
NASA stdl B tape partial holesl-3.csf.HMF 



NDK Standard 1 B Holes Plate/Patched Sam pies 

RATING- 0 

Note: no images were saved System is unable to work through the plate RATING= 0.666666667 

Plate wouldn't work on this side 
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NDE Standard 2 holes 


Image of Sample 



NDF. Standard 2 holes Cleaii/Un Patched Samples 

NASA std2 clean partial holes back.csf.EMF 

NASA std2 clean partial holes back-2.csf.EMF RATING- 0 

NASA std2 clean partial holes back-3.csf.EMF 

IVA side From IVA side, flaws are not detectable tl trough the wall (too thick) 



NASA std2 clean partial holes fronLcsf.EMF 
NASA std2 dean partial holes lronl-2.csf.EMF 
NASA std2 clean partial holes front-3. csf.EMF 

EVA side 
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NDE Standard 2 holes 


Taped/Patched Samples 


RATING 0 


Based on std2 "clean" results not scanned 


NDE Standard 2 holes Hat c/Patched Samples 

RATING= 0 

RATING= 0 

Note no images were saved. System is unable to work through the plate 
Plate wouldn’t work on this side 
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NDE Standard 2 notches 


Image of Sample 



NDF. Standard 2 notches Clean/Un-P»tdied Samples 

NASA std2 clean EDM notches back.csf.EMF 

NASA std2 clean EDM notches hack-2.csf.HMF RATING- 0 

NASA std2 clean EDM notches hack-3.csf.EMF 

I VA side Scan front I VA side, flaws are not detectable through the wall (too thick) 



NASA std2 clean EDM notches front. c$f. EMF 
NASA std2 clean EDM notches front-2.csf.EMF 
NASA std2 clean EDM notches front-3.csf.EMF 

EVA side 
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NDK Standard 2 notches 


iaped/Patched Samples 


RATING 31 0 


Based on std2 "clean" results not scanned 


NDK Standard 2 notches 


Plate/Patched Samples 


Based on std2 ’clean" results not scanned 


0 

RATING= 0 
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NDE Standard J 


Image of Sample 



NDE Standard 3 Clean/l'n-Patchcd Samples 

Based on Std. 2 results std3 was not scanned RATING= 0 
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XDE Standard 3 laped/Patched Sample* 

Based on Std. 2 results std3 was not scanned RATING= 0 


NDE Standard 3 Plate, Tate lied Sam pie* 

Based on Std. 2 results std3 was not scanned RATLNG= 0 

RATING^ 0 


Plates not scanned, however, engineering estimates can lie made by comparison to similar plates 
and the VEO UT phased array system 
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Plate 551 NI)K Standard 4 holes Image of Sample 



Mate 551 M)K, Standard 4 holes Clean tin Patched Samples 

NASA std4 clean partial holes hidden.csf.EMF 

NASA std4 clean partial holes hiddcn-2.csf.EMF RATING= 

NASA std-1 clean partial holes hkldcn-3.csf.EMF 

Haws are detectable through (lie wall 

1VA side 



2 


NASA std4 clean partial holes frontcsf.EMF 
NASA std4 clean partial holes front-2. csf.EMF 
NASA std4 clean partial holes front-3. csf.EMF 

EVA side 
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Hate 551 NDE Standard 4 holes Taped latched Samples 

NASA std4 tape partial holes hiddcn.csf.EMF 

NASA std4 tape partial holes hiddcn-2.esf.EMF RATING- 0 

NASA std4 tape partial holes liidden 3.esr.EMF 

No Haws were detected through the tape 



Plate SSI NDE Standard 4 holes Plate/Patched Samples 


Didn't work through plate 

RATING= 


0 




RATING= 


0.666666667 
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Plate 551 NDK Standard 4 notches 


Image of Sample 



Plate 551 \DF .Standard 4 notches Clean Tin-Patched Samples 

NASA std4 clean EDM notches hidden-2.csf.EMF 

NASA std4 clean EDM notches hidden-3.csf.EMF RATING 2 



NASA std4 clean EDM notches front.csf. EMF 
NASA std4 clean EDM notches front-lcsf EMF 
NASA std4 clean EDM notches front-3.csf EMF 
EVA side 
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Plate . 551 NDE Standard 4 notches Taped Patched Samples 

NASA stdt tape EDM notches hidden.csf.EMF 

NASA stdl tape EDM notches hidden-2.csf.EMF R ATING= 0 

NASA stdl tape EDM notches hiddcn-.Vcsf.EMF 

No flaws were detected through the tape 



Plate 55! NDE Standard 4 notches 

Didn’t work through plate 


Plate/Patched Samples 

RATING* 

RATING* 


0.666666667 
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NDE Standard 5 


Image of Sample 



NDE Standard 5 Clean/Un-Patched Samples 

Engineering estimates based on panel 4 are that the flaws will be detectable RATING= 2 

through the wall 
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NDE Standard 5 Taped/Patched Samples 

NASA std5 tape partial holes hidden bottom r-l.csf 

NASA std5 tape partial holes hidden left b-t.csf.EMF RATING= 0 

NASA std5 tape partial holes hidden right b-t.csf.EMF 
NASA std5 tape partial holes hidden top r-l.csf.EMF 

No flaws were detected through the tape 




NDE Standards 

Didn’t work through plate 


Ptatc/Patched Sam pics 

RATING* 


0 

RATING* 0.666666667 
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NDK Standard 6A 


Image of Sample 



2/3 AI2N006IO 
NOE STANDARD 6A 


holes 



NDK Standard 6A 


Clean/Un-Patched Samples 


RATING= 


0 


Based on Std 6B results Std. 6Awas not scanned 
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NDE Standard 6A 


Taped/Patched Samples 


RATING = 


0 


Based on Std. 6B results Std 6Awas not scanned 


NDE Standard 6A 


Plate/Patched Samples 


RATING= 0 

RATING= 


0 


Didn't work through plate 
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NDK Standard 6B Clean Un Patched Samples 

NASA std6B dean partial holes hiddenesf. EMF 

RATING- 0 


No flaws were detected through the wall, (too thick) 
IVAsidc 
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NDE S tandard 6B 


Taped/Patched Samples 


RATING- 


0 


Not scanned based on std6B "clean" results 


NDE Standard 6B 


Plate/Patched Samples 

RATING- 0 

RATING- 


« 


Didn't work through plate 
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NDE Standard 7 A notches 


Image of Sample 




NDK Standard "A notches Clean Un Hatched Samples 

NASA std7 clean EDM notches hidden.csf.HMF 
NASA std7 clean EDM notches hidden2.csf.KMF 

No flaws were detected through the wall, (too thick) 


RATING 


0 
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NDE Standard 7A notches 


Taped/Patched Samples 


Not scanned based on std7A dean results 


RATING" 


0 


NDE Standard 7 A notches 


Plate/Patched Samples 


Didn’t work through plate 


RATING" 
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NDE Standard 7 A holes 


Image of Sam pie 




NDE Standard 7A holes Clean/Un-Patched Samples 

Based on Std. 7 A notches results Std. 7A holes were not scanned RATING= 0 
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NDE Standard 7 A holes Taped/Patched Samples 

Based on Std. 7A notches results Std. 7A holes were not scanned RAXING 2 0 


.NDE Standard 7A holes 

Didn't work through plate 


Plate/Patched Samples 

RATLNG= 0 

RATING 2 0 
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N1)K Standard 7B notches 


Image of Sample 




NDE Standard 7B notches 


Ckan/Un-Patched Samples 


Based on Std 7A notches results Std 7B notches were not scanned 


RATING 3 0 
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\l) K Standard 7 B notches 


Taped/Patched Samples 


Based on Std 7A notches results Std. 7B notches were not scanned 


RATING= 0 


M)K Standard 7 B notches 


Plate wouldn't woric on this side 


Plule/Patched Samples 


RATING* 0 

RATING= 


0 
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NDK Standard 7B Clean/Un-Patched Sample 

Based on Std 7 A notches results Std 7B holes were not scanned RATTNG= 0 
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1SPE Standard 7B Taped/Patched Samples 

Based on Std 7 A notches results Std. 7B holes were not scanned RATING= 0 


NDE Standard 7B 

Plate wouldn't work on this side 


Plate/Patched Samples 

RATING= 


0 


0 
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Plate 186 


Image of Sample 



Plate 186 


Clcan/l'n-Patched Samples 


Based on Std 7 A results plate 1 86 was not scanned 


RATING= 


0 
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Plate 186 


iaped/Patched Samples 


Based on Std. 7 A results plate 1 86 was not scanned 


RATING= 


0 


Plate 186 


Didn't work through plate 


Plate/Patclied Samples 


RATLNG= 0 

RATING- 


0 
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Plate 1900 


Image of Sam pie 



Rate 1900 Clean Un-Patdird Samples 

NASA STD 1900 clean impact l.csf.EMF 
NASA STD 1900 clean impact I -IcrfEMP 

No flaws detected (too thick) 


RATINC- 


0 
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Mate 1900 


Taped/Patched Samples 


Not scanned based on Plate 1900 "clean" results 


RATING= 


0 


Didn't work through plate 


Mate/Patched Samples 

RATING* 0 

RATING= 0 
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Plate 1907 


Image ol Sample 



Plate 1907 


Clean/Un-Patched Samples 


Not scanned based on Std. 7A results 


RATING= 


0 


NESC Request No.: TI-12-00824 


0 

NASA Engineering and Safety Center 
Technical Assessment Report 

Document #: 

NESC-RP- 

09-00565 

Version: 

1.0 

Title: 

Independent Assessment of Instrumentation 

Page #: 

294 of 396 


for ISS On-orbit NDE 



Plate 1907 


Taped/Patched Samples 


Not scanned based on Std. 7 A results 


RATING= 


0 


Plate 1907 


Didn’t work through plate 


Plate/Patchcd Samples 


RATING- 0 

RATINGS 
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Plate T3 


Image of Sample 



Plate T3 


( lean/l n Patched Samples 


Not scanned based on Std. 7 A results 


RATING= 0 
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Plate T 3 


Taped/Patched Samples 


Not scanned based on Std. 7 A results 


RATING= 


0 


Plate T3 


Plate wouldn't work on this side 


Plate/Patched Samples 


RATING= 0 

RATING= 
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Plate 12243 (FGB impact plate) 


Image of Sample 



Plate 12243 (FGB impact plate) 


(lean/l'n-Patched Samples 


Surface too uneven to scan RATL\G= 0 

Rib structure was visible 
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Plate 12243 (FOB impact plate) 


Taped/Patched Samples 


Not scanned based on clean surface results. RATING 8 0 

Rib structure was partially visible 


Plate 12243 (FGB impact plate) 


Plate/Patclied Samples 


Plate wouldn't work on this side 


RATING 8 0 

RATING= 
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Plate 123 (Bond Plate) Image of Sample 

c-scan image from water tank 



Plate 123 (Bond Plate) Clean A n-F’atc lied Samples 

Samples too thick to detect any flaws RAT1NG= 0 
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Plate 158 (Bond Plate) Image of Sample 

c-scan image from water tank 



Plate 158 (Bond Plate) Clean/Un-Patched Samples 

Samples too thick to detect any flaws RATING= 0 
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Plate 028B (Bond Plate) Image of Sample 

c-scan image from water tank 



Plate 028B (Bond Plate) Clean/l'n-Patched Samples 

Samples too thick to detect any flaws 

RATING 3 0 
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Plate 132 A (Bond Plate) 


Image of Sam pie 


Plate 132A (Bond Plate) Clean/l T n-Patched Samples 

Samples too thick to detect any flaws RATING= 0 
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Appendix I. Jentek® GridStation® Results 


Jentek GridStation 



Scans below used the Jentek Grid Station scanner. 


Ratings; 


0 

Failure to identify important features 

1 

Features slightly detectable but not clearly defined 

2 

Undoubtable feature detection 


Average RATING amongst all scans; 

0.07 

Average RATING amongst NDE Standard Scans; 

0.20 

Average RATING amongst impacted plate scans; 

0.00 

Average RATING amongst bond plate scans; 

0.00 


NDE Standard 1A: 

0.00 

NDE Standard IB: 

0.17 

NDE Standard 2: 

0.00 

NDE Standard 3: 

0.00 

NDE Standard 4: 

0.83 

NDE Standard 5: 

1.00 

NDE Standard 6A: 

0.00 

NDE Standard 6B: 

0.00 

NDE Standard 7A: 

0.00 

NDE Standard 7B: 

0.00 


Eng. Est. 

Eng. Est. 
Eng. Est. 


Eng. Est. 
Eng. Est. 
Eng. Est. 
Eng. Est. 


Impacted Plate 186: 

0.00 

Eng. Est. 

Impacted Plate 1900: 

0.00 

Eng. Est. 

Impacted Plate 1 907 : 

0.00 

Eng. Est. 

Impacted Plate T3 : 

0.00 

Eng. Est. 

Impacted Plate 243 : 

0.00 

Eng. Est. 


Bond Plate 123: 

0.00 

Eng. Est. 

Bond Plate 1 58: 

0.00 

Eng. Est. 

Bond Plate 02 8B: 

0.00 

Eng. Est. 

Bond Plate 1 32A: 

0.00 

Eng. Est. 
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NDE Standard 1 A Notches Image of Samples 



NDE Standard 1A Notches Clean/l T n-Patched Samples 

No images from the IVA side: Grid impedes scanning of the standard RATING* 0 
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NDE Standard 1 A Notches 


Taped/Patched Samples 


R ATI NO 0 

No images from the IVAsidc: Grid impedes scanning of the standard 


M)K Standard 1 A. Notches 


Scanner cant work through plate repair. 


Plate/Patchcd Samples 

RATINO 0 

RATINO 0 
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IN 1>K Stain «lw«l 1A Holes Image of Simplex 



NDE Standard 1 A Holes Clcan/Un-Patchcd Samples 

No images from the IVA side: Grid impedes scanning of the standard RATING= 0 
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NDE Standard 1A Holes Taped/Patched Samples 

No images from the IVAside: Grid impedes scanning of the standard 


0 


NDE Standard 1 A Holes 


Scanner can’t work through plate repair. 


Plate/Patched Samples 

RATING= 0 

RATING= 0 
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NDE Standard IB Notches 


Image of Samples 



NDE Standard IB Not dies 


Clean Un-Patched Samples 


IVA Side notch flaws were not detectable through the wall 

7.943 kHz - Conductivity scan - Set 10 


RATING 


. — ■ 

T 

i 

r 

■ 

1 

\ 
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1 
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7 
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■■■■■■■■ 


355 JbU *5 J/U V'j WO 385 WO 335 1UU 405 41.0 41b 420 425 410 415 44 0 44.5 45.0 45.5 4bU 455 4/.0 475 480 485 480 


7.943 kHz • Conductivity scan - Set 15 



0 


0° Scan 


Angle Scan 
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NDE Standard IB Notches 


Taped/Patched Samples 


RATING™ 


0 


Note: no images were saved. Sysl System wasn’t able to image through standard with tape. 


NDE Standard 1 B Notches 


Plate/Patchcd Samples 


RATING™ 0 

RATING™ 0 

Scanner can't work through repair plate. 
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NDE Standard lli H oles 


Image of Samples 



NDE Standard IE Holes Clean/Un-Patched Samples 


RATING^ 1 


From IVA side, 3/64" dia. x 0.01 0 deep holes detected 
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KDE Standard IB Holes 


Taped/Fatched Samples 


RATING= 0 


Note: no images were saved. Syst System wasn't able to image through standard with tape. 


NDE St andard IB H oles Plate/Patched Samples 

RATING- 0 

RATING— 0.333333333 

Scanner cant work through repair plate. 
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NDE Standard 2 holes 


linage of Samples 



NDE Standard 2 holes Clcan/Un-Patched Samples 


RATING- 0 


Note: no images were saved. Syst System wasn't able to image through standard. 
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NDE Standard 2 holes 


Taped/Patched Samples 


RATING 0 


Note: no images were saved. Sysl System wasn’t able to image through standard w ith tape. 


NDE S tandard 2 ho les 


Plate/Patched Samples 

RATING= 0 

RATING= 0 


Scanner can’t work through repair plate. 
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NDE Standard 2 notches 


linage of Samples 



.NDE Standard 2 notches Clean/Un-Patch ed Samples 


RATING* ft 


Note: no images were saved. System is unable to image notches through the plate 
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NDE Standard 2 notches 


Taped/Patched Samples 


RATING- 0 


Note: no images were saved. System is unable to image notches through the plate 


NDE Standard 2 notches 


Scanner can’t work through repair plate. 


Plate/Patched Samples 

RATING* 0 

RATING- 0 
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NDE Standard i 


Image of Samples 



SDK S tandard 3 


Clean/Un-Patch ed Samples 


RATINO 0 

Note: no images were saved. System is unable to image holes through the plate 
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NDE Standard 3 Taped/Patched Samples 

Note: no images were saved. System is unable to image holes through the plate RATING= 0 


NDE Standard 3 

Scanner cant work through repair plate. 


Platc/Patchcd Samples 

RATING= 0 

RATING- 0 
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Plate 551 NDE Standard 4 holes Image of Samples 



Plate 551 NDE Standard 4 holes Clean/Un- Patched Samples 

flaws are detectable through the wall RAT IN G= 2 



NESC Request No.: TI-12-00824 





0 

NASA Engineering and Safety Center 
Technical Assessment Report 

Document #: 

NESC-RP- 

09-00565 

Version: 

1.0 

Title: 

Independent Assessment of Instrumentation 

Page #: 

319 of 396 


for ISS On-orbit NDE 



Plate 551 NDE Standard 4 holes Taped/Patched Samples 

flaws are detectable through the wall and tape, but away from the center of the patch. RAT1NG= 1 


7.943 kHz - Conductivity scan - Set 18 



34.0 34.5 35.0 35.5 36.0 36.5 37.0 37.5 38.0 38.5 39.0 39.5 40.0 40.5 41.0 41.5 42.0 42.5 43.0 43.5 44.0 44.5 45.0 


2IACS 


Plate 551 NDE Standard 4 holes 


Plate/Patched Samples 


Scanner can't work through repair' plate. 


RATING= 0 

RATING= 1 
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Plate 55 1 NDE Standa rd 4 notches Image of Samples 



Plate 551 NDE Standard 4 notches Clean/ Un-Patched Samples 


flaws are detectable through the wall 


RATING= 1 


7.943 kHz - Conductivity scan - Set 17 



0 2 4 6 8 10 12 14 1 6 18 20 22 24 26 28 30 32 34 3G 38 40 42 44 46 48 50 52 54 56 58 60 62 64 66 68 n 



SJACS 
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Plate 551 NDE Standard 4 notches 


Taped/Patched Samples 


Engineering estimates are that a few flaws would be detected through the tape, see Std 4 holes 


R ATI NO 


Plate 551 NDE Standard 4 notches 
Scanner can't w ork through repair plate. 


Plate/Patched Samples 

RATING= 

RATING= 0.666666667 
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NDE Standard 5 


Image of Samples 



NDE Standard 5 Clean/Un-Patched Samples 

Note: no images were saved. Engineering estimates are that the system will be RATING= 2 

image the holes through the plate. (See Std 4) 
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NDK Standard 5 


Taped Patched Samples 


RATING® 1 

Note: no images were saved. Engineering estimates are that the system might be able to 
image some of the holes through the tape and standar, but away from the center region. (See Sid 4) 



NDE Standard 5 Plate/Patched Samples 

Scanner can’t work through repair plate. RATING= 0 

RATINO 1 
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M)K Standard 6A holes I in age of Sam pics 





NDE Standard 6A holes 


CleanA In-Patched Samples 


RATING= 0 

Note: no images were saved. System is unable to image holes through the plate 
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IVDE Standard 6 A holt's 


Taped/Patched Samples 


RATI.\G= 0 

Note: no images were saved. System is unable to image holes tlirough the plate 


XDE Standard 6A holes 


Plate/Patched Samples 

RATING= 0 

RATING= 0 


Scanner can’t work through rqwir plate. 
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NDK Standard 6B notches Clean/Un -Patched Samples 


RATING= 0 


Note: no images were saved. System is unable to image notches through the plate 
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NDE Standard 6B notches 


Taped/Patched Samples 


RATING= » 


Note: no images were saved. System is unable to image notches through the plate 


NDK Standard 6B notches 


Plate/Patched Samples 

RATING- 0 

RATING— 0 


Scanner can't work through repair plate. 
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NDE Standard 7 A holes 


Image of Samples 




NDE Standard 7A holes Clean/ln-Patched Samples 


RATINGS 0 

Note: no images were saved. System is unable to image holes through the plate 
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iXDE Standard 7 A holes 


Taped/Patched Samples 


RATING* 0 

Note: no images were saved. System is unable to image holes through the plate 


NDE Standard 7A holes 


Plate/Patched Samples 


Scanner can't work through repair plate. 


RATING* 0 

RATING* 
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NDE Standard 7 A notches 


Image of Samples 




NDE Standard 7A notches Clean/Un-Patch ed Samples 

Note: no images were saved. System is unable to image notches through the plate RAT1NG= 0 
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NDE Standard 7 A no tches Taped/Patched Samples 

Note: no images were saved. System is unable to image notches through the plate RATING= 0 


NDE Standard 7A notches 


Scanner can't work through repair plate. 


Plate/Patched Samples 

RATING* 0 

RATING* 0 
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NDE Standard 7B holes Image of Samples 



Note: no images were saved System is unable to image holes through the plate 
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NDE Standard 7B holes 


Taped/Patched Samples 


RATING® 0 


Note: no images were saved. System is unable to image holes through the plate 


NDE Standard 7B holes Plate/Patched Samples 

RATING- 0 

Scanner can't work through repair plate. RATING® 0 
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NDE Standard 7B notches Imam' of Sam pit's 



NDE Standard 7B notches Clean/lii-PatcIml Samples 

RATING- 0 

Note: no images were saved. System is unable to image notehes through the plate 
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NDE Standard 7B notches 


Taped/Patched Samples 


Note: no images were saved. System is unable to image notches through the plate 


RATING= 0 


NDE Standard 7B notches Plate/Patched Samples 

RATING= 0 

Scanner can't work through repair plate. RATING= 0 
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Plate 186 


Image of Samples 



Plate 186 


CleanA n-Patched Samples 


Surface too thick and uneven to scan 


RATING- 0 
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Plate 1S6 


Taped/Patched Samples 


Surface too thick and uneven to scan 


RATING™ 


0 


Plate 186 


Plate/Patched Samples 


Scanner can't work through repair plate. 


RATING™ 0 

R4TING= 


0 
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Plate 1900 


Image of Samples 



Plate 1900 


Clean/Un-Patched Samples 


Surface too thick and uneven to scan 


RATING= 0 
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Plate 1900 


Taped /Patched Samples 


Surface too thick and uneven to sc System wasn't able to image through standard with tape. 


RATING- 


0 


Plate 1900 


Plate/Patched Samples 


Scanner can't work through repair plate. 


RATING- 0 

RATING- 


0 
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Plate 1907 


Inline of Samples 



Plate 1907 Clean/l’n-Patched Samples 

Surface too thick and uneven to scan RATING= 0 


NESC Request No.: TI-12-00824 


0 

NASA Engineering and Safety Center 
Technical Assessment Report 

Document #: 

NESC-RP- 

09-00565 

Version: 

1.0 

Title: 

Independent Assessment of Instrumentation 

Page #: 

341 of 396 


for ISS On-orbit NDE 



Plate 1907 Taped/Patched Samples 

Surface too thick and uneven to scan RATING* 0 


Plate 1907 

Scanner can't work through repair plate. 


Plate/Patched Samples 

RATING* 0 

RATING* 0 
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Plate T 3 


Image of Samples 



Plate T3 Clean/Un-Patdied Samples 

Surface toothick and unev en to scan RATING= ft 
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Plate T3 Taped/Patched Samples 

Note: no images were saved. Sysl System wasn’t able to image through standard with tape. RATING= 0 


Plate T3 

Scanner can't w ork through repair plate. 


Plate/Patched Samples 

RATING= 0 

RATING* 0 
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Plate 12243 (FGB impact plate) 


Image of Samples 



Plate 12243 (FGB impact plate) Clean/l'n-Patehed Samples 

Surface too uneven to scan RATING= 0 


NESC Request No.: TI-12-00824 



0 

NASA Engineering and Safety Center 
Technical Assessment Report 

Document #: 

NESC-RP- 

09-00565 

Version: 

1.0 

Title: 

Independent Assessment of Instrumentation 

Page #: 

345 of 396 


for ISS On-orbit NDE 



Plate 12243 (KGB impact plate) Taped/Patched Samples 

Note: no images were saved. Sysf System wasn't able to image through standard with tape. RATING* 0 


Plate 12243 (FGB impact plate) 


Plate/Patched Samples 


RATING* 0 

RATING* 0 

Scanner cant work through repair plate. 
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Plate 123 (Bond Plate) Image of Samples 

c-scan image from water tank 



Plate 123 (Bond Plate) Clean/Un-Patehed Samples 

Samples too detect thick to detect any flaws RATI.\G= 0 
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Plate 158 (Bond Plate) Image of Samples 

c-scan image from water tank 



Plate 158 (Bond Plate) Clean/Un-Patched Samples 

Samples too detect thick to detect any flaws RATING= 0 
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Plate 028 B (Bond Plate) Image of Samples 

c-scan image from water tank 



Plate 028 B (Bond Plate) Clcan/Un-Patched Samples 

Samples too detect thiek to detcet anv flaws 

RATING^ 0 
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Plate 132A (Bond Plate) 


Image of Samples 


Hate 132 A (Bon d Plat e) Clean/l In-Patched Samples 

Samples too detect thick to detect any flaws RATING= 0 
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Appendix J. Astronaut Assessment Report 

Nondestructive Evaluation (NDE) Commercial Off-the-shelf (COTS) 

Hardware Crew Review 


Executive Summary 

Over the life of the International Space Station (ISS) Program, there is a significant risk of 
module damage/penetration from micrometeoroid and orbital debris (MMOD) impact. Although 
there are leak repair kits on-orbit that address immediate pressure wall repair, there is currently 
no means to address long-term structural integrity after a repair (IRMA 4669). It has been 
proposed that COTS NDE equipment could be used to provide structural damage evaluation, as 
well as potential certification of the repair. In order to select the optimum COTS NDE 
instrument for on-orbit use, astronauts and engineers from NASA’s Crew Office and Mission 
Operations Directorate (MOD) Operations Support Office (OSO) performed hands-on 
evaluations of several devices using predefined criteria. 

Although each COTS NDE instrument had different graphical user interfaces (GUIs), menus, 
button layouts, and accessories, the overall astronaut feedback indicated that these instruments 
were all about the same with respect to device complexity and ease of use. In fact, all devices 
performed similarly in categories for operation, setup, teardown, crew time required, crew 
training required, and stowage volume. Ease of on-orbit operations will come down to having 
clear training videos and good procedures to operate any single instrument. However, device 
complexity and ease of use should be secondary to the device’s overall function and performance 
(as evaluated by the NDE engineering community). But, if the Crew Office were to select a 
single COTS NDE instrument to fly to the ISS in the near future, the Sonatest Veo would be the 
preferred device. This instrument was a favorite of several astronauts due to the combination of 
device capability and good display imagery. 

From a technological perspective, no show stoppers were identified, and any of the evaluated 
COTS NDE equipment could be flown to the ISS (pending typical certification requirements) 
and would provide NDE data. It is the opinion of the Crew Office that ultrasonic phased array 
(USPA) devices seemed to provide more capability over eddy current (EC) devices since USPA 
devices could scan across material where access might be blocked by the application of a 
pressure wall repair kit. 

Test Description: 

The goal of the NDE project is to certify a small, portable NDE diagnostic device that can detect 
and quantify flaws or cracks within ISS structures. This information could then be used to help 
understand the risks involved in continuing to allow crew to occupy these structures. NDE 
diagnostic equipment functions similar to a doctor’s ultrasound machine and has a small LCD 
screen that highlights any defect in the scanned material. 
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As stated before, the NDE team is seeking astronaut and MOD feedback on several different 
NDE devices in order to select a single device best suited for use on the ISS. Evaluation of the 
diagnostic equipment was based on factors such as power source, NDE experience required by 
crew, ease of setup/use, access requirements, crew time, number of crew required, calibration 
requirements, and overall device performance. 

Test Dates and Location: 

November 5-8, 2012, JSC Building 9, NDE Lab (room 1004) 

Test Participants: 

• Test Directors: Dr. Eric Madaras, Dr. Ajay Koshti 

• Engineering Test Subjects: Bruce Blazine/United Space Alliance, Dan Perri/MOD, Bert 
Young/MOD, Chris Sinclair/MOD 

• Astronaut Test Subjects: Pettit, Walker, Metcalf-Linenburger, Fincke, Yui, Aunon 

• Test Report Preparation: Bruce Blazine 

COTS NDE Diagnostic Equipment: 

• Olympus MX UPAT 

• Olympus MX EC Array 

• GE Phasor UPAT 

• Sonatest Veo UPAT 

• UniWest ECS-3 

• Jentek Grid Station EC Array 

Summary Test Plan: 

1 . Introductions 

2. COTS NDE description 

a. Ultrasound 

b. Eddy current 

3. ISS operations scenarios 

a. Hull penetrations 

b. Light damage/suspect areas 

4. COTS NDE diagnostic equipment evaluations 

a. COTS diagnostic hardware 

b. Test samples 

Summary Test Procedure: 

1 . Set up and power on of COTS NDE instrument. 

2. Load configuration file. 

3. Scan test sample. 

4. Save data file. 

5. Repeat steps 3 and 4 for each test sample. 
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6. Repeat all steps for each COTS NDE instrument. 

Astronaut Observations: 



Figure J-l. Astronaut Dr. Don Pettit Operating the Sonatest Veo System 
Table J-l. Generic NDE Crew Comments 


NDE Criteria 

Crew-member Observations 

NDE 

Operations & 

Scanning 

Techniques 

• Using a guide/ruler helped with scanning. 

• Work with Human Research Facility (HRF) team and match their concept 
of operations, using real-time scanning feedback from ground support 
engineers. Match their training concept too (x2). 

• Will need excellent crew procedures (x3). 

• Avoid step-by-step screen shots of NDE GUI in crew procedures — it takes 
too long to read and follow. 

• Need water spray bottle/nozzle to create smaller water droplets. 

• Prefer water, avoid Braycote (too messy). 

• Using water okay, test probes with ~1 -inch thick water. Probe does not 
need to be in contact with surface. 

• Equipment setup and teardown was easy (all devices performed about the 
same). 

Overall 

Equipment 

Configuration 

• Equipment should be robust. 

• Device complexity of use should be secondary to function/performance. 

• Need good crew restraints for crew and test equipment. 

• Smaller probe will be harder to use in microgravity versus larger probes. 

• Need small probe for behind racks. 

• Probe guide wheel was nice; easy to use with ruler as guide. 

• Avoid spring-loaded wheels or a mechanical encoder — wheel push-down is 
difficult in microgravity (x2). 
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NDE Criteria 

Crew-member Observations 


• If you have a wheel encoder, must have small spring- force, but this force is 
not a show stopper. Attempt the mechanical encoder first and then have a 
backup plan ready if it does not work (time series?). 

• Wheel encoder is a “definite no-go.” 

• A mouse optical encoder would work better than a mechanical encoder 
(x2). 

• Attempt a time-series scan instead of mechanical encoder. 

• Need arrows on probe to indicate beam scan direction and to indicate 
direction to move probe. 

• Suspect we would need a variety of probes. 

• If possible, consolidate one device to perform both USPA and EC scans. 

• Probe cumbersome with several wires — need integrated probe of encoder 
and transducer. 

• Avoid device with laptop and/or lots of extra parts. 

• The smaller the probe head the better. 

Crew Training: 
Ground 

• Minimal hands-on, quick familiarity (x2). 

• 30 minutes ground training sufficient. 

• Train device menu/GUI; scanning is easy. 

• Show crew the device and parts. 

• All devices require about the same crew training. 

Crew Training: 
On-Orbit 

• On-orbit video training will be essential and effective for this operation 
(x4). 

• Have test samples on-orbit for crew to practice on prior to scanning 
damaged/suspect areas (x3). 

• Need reference points to get repeatable scans. 

• When the time comes to use this device, bite the bullet and do on-orbit 
training. 

ISS Interfaces 

• Like flexibility of all power options: batteries, hard-line power (alternating 
current (AC)/direct current (DC)) (x2). 

• Use standard laptop power bricks with a simple connector adapter. 

• Will need battery power for easier access to tight spaces without power 
cables. 

• Avoid flying a new power brick (x2). 

• Avoid AC/DC conversion. 

• Need video out (video graphics array) for real-time downlink of imagery. 

Crew Required 

• Recommend two crew members to be scheduled for NDE operations, 

similar to how reliability, maintainability, and supportability operations are 
scheduled today. 
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NDE Criteria 

Crew-member Observations 


• One crew member should be sufficient for most applications, but might 
need a second crewmember to assist, depending on location, distance, and 
setup (laptop?) (x3). 

• Scanning must be a single-handed operation (x2). 

• Cannot scan using two hands — one hand required to allow crew to brace 
themselves. 

• Number of crew will depend on surface location and criticality. 

Overall 

Equipment 

Size 

• Device, scanners, and accessories should be as small as practical to save 
stowage volume. 

• All devices seemed to consume the same amount of stowage (x2). 

USPA versus 
EC 

• EC does not appear to help on ISS. 

• USPA gave an answer easier versus EC. 

• EC limited since cannot penetrate tape/leak repair patch. 

• Prefer U.S. — more capability. 

Other 

Comments 

• Does ground really have a plan for using the NDE-generated data? The 
information sent back to ground seems marginal for its intended purpose. 
How do you plan to use this information? Evacuate module? Evacuate 
ISS? Install a better patch? How engineers use this data needs to be 
answered. 

• It would be appropriate to test the NDS hardware on a microgravity flight. 

• Technology seems sound; no show stoppers for use on ISS (x2). 

• We should have this technology on ISS. 
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Table J-2. De vice-specific Crew Comment^ 


NDE Criteria 


Crewmember Observations 


Omniscan MX USPA 



Easy setup and teardown. 

Two “Start” buttons are confusing. 

The default probe was too delicate and complex. 
This device would benefit from an “easy menu” 
option. 

Avoid compact flash cards (like universal serial 
bus (USB)). 


Omniscan MX EC 


• Same as Omniscan MX USPA. 



GE Phasor XS 



Display seems small. 

Has fewer buttons. 

GUI menus a little cumbersome w/roller 
controls. 

This device would benefit from an “easy menu” 
option. 

Would be hard to put Velcro on back due to 
large screws protruding from back. 

Clunky box not really rugged for ISS use. 
Similar in use to Omniscan. 
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NDE Criteria 


Crewmember Observations 


Sonatest Veo 



• Nice imagery, like pictorial image of damage; 
easy to understand. 

Adapt probe for use on-orbit. 

Seems easier to use but still has a troublesome 
encoder. 

Spring on encoder okay. 

Power cable sticks out from the back — will 
interfere with setting the device on its back. 

Easy to handle. 

Good file and menu system, GUI easy. 

Like lots of features, such as Ethernet capability, 
USB, and VGA out. 

Preferred model (x2). 


UniWest ECS-3 





Laptop would allow more direct remote control 
from ground (black box). 

Avoid using a laptop. 

Current probe design too big and cumbersome 
(x3). 

Cable out the back of probe will limit access on 
ISS. 

Great imagery, “neat.” 

Would prefer two-dimensional imagery. 

Too bulky, not really space/ISS ready (x2). 


Specific Findings and Recommendations: 

The majority of astronaut feedback centered on the operation of the NDE hand-held 
scanner/encoder. Several different techniques and encoder configurations were evaluated with 
mixed results. In all cases, a method to identify specifically where on a panel one was scanning 
needs to be developed. The use of rulers, tape, sharpie marks, and cameras are all potential 
solutions to help with reference points. This is especially needed if one hopes to get repeatable 
scan results. Most crew members felt that using a guide or ruler helped to increase scanning 
accuracy (see Figure J-2 below). 
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Figure J-2. Scanning using a Metal Ruler as a Guide 

A variety of probes will be needed on the ISS. A large probe is easier to operate but will not fit 
in confined areas of the ISS, such as behind racks and other secondary structures. Therefore, a 
small probe will be required for these areas. Also, an integrated probe that includes a 
combination of encoder and transducer would be beneficial to develop — along with fewer 
wires — to minimize how cumbersome the probe is to operate in microgravity. The use of a 
wheel encoder was met with mixed reviews — some crew liked the wheel, while others said this 
was a “definite no-go.” The apprehension with a wheel encoder was due to the spring-force 
required to hold the wheel down onto the pressure shell — this would require a two-handed 
operation — a difficult task in microgravity since one hand is required to allow the crew to brace 
themselves while performing a scan. 

Most crew felt that an optical scanner would work better than the wheel/mechanical encoder. 
Alternatively, one could also use a time-series scan as a backup method, in case a mechanical 
encoder did not work in microgravity. See Figures J-3 through J-5 below for example probes 
and encoders used during the evaluation. 
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Figure J-4. Large EC Probe with Mechanical Wheel Encoder 



Figure J-5. Large EC Probe 


Several crew members recommended that the NDE operations concept should mimic the HRF. 
The HRF system also uses crew-operated ultrasound scanners, but in addition, the output is sent 
to the ground and HRF engineers are able to provide feedback to the crew in real time. This 
would provide the crew with an immediate response from NDE experts as to the quality of the 
data the scans are providing. 

Training should be kept to a minimum during preflight training since there is only a minimal 
chance that crew will even need to operate this contingency-type equipment during their stay on 
the ISS. Once an event occurs that warrants the use of the NDE equipment (and all vehicle 
safing is complete), the crew can then train on the NDE equipment using on-orbit resources. The 
on-orbit resources should include video and computer-based training, clear procedures, and a few 
reference samples for crew to practice scanning. 

The majority of crew members felt that USPA devices seemed to provide more capability over 
EC devices, since USPA devices could scan sideways across material where access might be 
blocked by application of a pressure wall repair kit. A device with the ability to perform both 
types of scans might provide the most benefit to ISS. But, if the Crew Office were to select a 
single COTS NDE instrument to fly to ISS in the near future, it would be the Sonatest Veo. This 
instrument was a favorite of several astronauts due to the combination of device capability and 
good display imagery. 
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Specifically how this NDE-generated data will be used by ground engineers and management is 
an area that still needs significant work. The information provided by these instruments seems 
marginal for its intended purpose (but is still better than no information). What decisions can 
management be expected to make based on this data? How do you quantify this data? 

Finally, the Crew Office agrees that the NDE instruments examined during this evaluation have 
the potential to assist in understanding the type of damage sustained to ISS primary structures 
after an MMOD impact. The ISS Program should continue to develop this capability for use on 
the ISS. 


Table J-1. Test Samples 


Standard 3 



12 in. x 12 in. x 3/16 in. 
(flat). 

Approximates primary 
Unites States on-orbit 
structure (USOS). 

Circular pattern of 
machined partial through- 
holes covered with flexible 
patch. 

Intravehicular activity 
(IV A), extravehicular 
activity (EVA) sides tested. 
IV A side shown in photo. 


HD9820186 



16 in. x 16 in. x 3/16 in. 
(flat). 

Approximates primary 
USOS. 

MMOD penetration 
covered with dome rigid 
patch. 

IV A side tested only. 

IVA, EVA sides shown in 
photo. 
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12 in. x 12 in. x 3/16 in. 
(curved). 

Approximates primary 
USOS. 

Machined hole pattern on 
one side, AL tape on other 
side. 

IV A/tape side tested only. 
EVA side shown in photo. 


12 in. x 12 in. x 1/16 in. 
(flat with ribs). 
Approximates Service 
Module/Functional and 
Cargo Module primary 
structure. 

Ribs and calibration 
standard notches and holes. 
IVA (smooth) side tested 
only. 

EVA side shown in photo. 
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Appendix K. Operations Assessment Report 

ISS Operations Support Office (OSO) Evaluation of On-orbit Intravehicular Activity 
(IV A) Nondestructive Evaluation (NDE) Instrumentation 

NESC Assessment of NDE Equipment 
On-orbit Operations Assessment 
Mission Operations Directorate (MOD) 

Operations Support Officer Group - DX4 
Dan Perri, Bert Young, Chris Sinclair 

The first part of the operations assessment was to identify several generic qualities that OSO 
determines are important in the selection of tools to be used on-orbit. These criteria are then 
weighted according to importance. Each candidate NDE device was then evaluated by both 
OSO personnel and Astronaut Office representatives, using the evaluation criteria to grade each 
device against the others. The final results of this evaluation will serve as the MOD 
recommendation. 

These criteria are evaluated and graded, with the hope of narrowing down the selection to a 
single device that serves both the engineering and operations requirements and can be flown to 
the International Space Station (ISS). 

Testing Plan 

See the details of the evaluation methodology in Appendix J of this report. 

Operations Evaluation Criteria 

Crew time for measurements: How much crew time is required to take measurements? The 
least amount of crew interaction is ideal. A score of 1 would be for something that required 
constant user attention and interaction to produce a measurement. A score of 5 would be 
something that crew could set and forget. 

Setup/tear down time: How much prep is required for the area to be scanned? Ideally, this 
equipment would require no setup and no surface prep activities before being ready to scan. Lots 
of preparation activities and assembly are not ideal but are in some cases unavoidable. 

NDE expertise/training required by crew: How much training does a user need in order to 
take a useable scan? Can a crew member operate the equipment, and collect engineering-usable 
data without any prior training? The user interface ease of use also falls into this category. Most 
likely, the crew will not receive ground training on the device, and at most will take a computer- 
based training (CBT) module on-orbit right before using the device for the first time. The less 
training needed to obtain a useable scan, the better. 
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Preventive/calibration/upkeep actions required: Does the tool require calibration before each 
run? Yearly calibration? No calibration at all? The less we have to fuss with the equipment 
during its lifetime, the better. 

Access requirements: Can this device make useful scans around an already installed pressure 
wall repair patch (rigid patch or flexible patch)? If it can’t create an image with a patch in place, 
it may not be viable for on-orbit use. Can it be used in limited access areas to make useful 
scans? 

ISS interfaces: How will the device interface with ISS? How does it send and receive data? 
What are the power requirements, and are those compatible with current ISS capabilities? It 
seems like most devices can be used on board with little to no modification. 

Number of crew required: Can this device be set up and operated by a single crew member? 

Size (storage and access impacts): From an operations perspective, the volume a piece of 
equipment takes up can be a large factor. This piece of equipment should move between all 
modules on the ISS with ease. It also must not take up too much space in stowage. 

Findings 

After testing, each device was assigned a score in each category using a five-point scale. The 
points were weighted and added to produce a final score for each device, which could be used as 
a quantitative measurement to make an operations recommendation. The operations 
recommendation should be used in conjunction with the engineering recommendation when 
deciding which specific device to fly to the ISS. 

Most of the devices require a similar amount of crew interaction to take measurements. They all 
require 100-percent crew attention to take measurements, so none of them were simple in that 
regard. Setup and teardown time for each device was also similar, but none were extremely 
difficult to set up. A couple of simple plug-in connections are all that each device requires, and 
usually each system requires a simple water spray as a coupling medium. The Uniwest system 
requires a second, dedicated laptop to make measurements, so it received a lower score than the 
others in this category. 

Expertise required by crew is the category where we started to see some differences between 
devices. Some devices had easy-to-navigate user interfaces, fewer buttons, and were easy to 
load configuration files; these received the highest scores in this category. Other devices had 
user interface menus that were difficult to navigate or didn’t have a good way to load 
configuration files. All of the devices could probably be trained using video/CBT along with 
some practice runs to get the onboard crew used to the operations. A common recommendation 
from the Crew Office was to mimic the Human Research Facility (HRF) group’s model for 
doing body ultrasound imaging, where the HRF scientists on the ground talk the astronaut 
through each activity in real time using live video and audio, and we believe each device tested 
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has the capability to be operated in this manner. Adopting this operations model could mean that 
crew members could get away with much less training to effectively take measurements. 

Each device uses a small, handheld sensor array attached to a mechanical wheel encoder. Only 
the ultrasonic phased array (USPA) devices were successful in generating images around the 
leak repair patches. USPA sensors can send a shear wave through the module wall, whereas the 
eddy current (EC) devices can only image straight down. The straight-down image is, therefore, 
ruined by the presence of both the dome rigid patch and the aluminum tape flexible patches. 
While EC imaging serves an important purpose in NDE assessment, from an ISS operations 
perspective, if the device can’t measure underneath a patch it should not be considered for this 
purpose. 

All devices have similar power requirements that can be accommodated on the ISS, just about all 
of them have the ability to export video using VGA connections, and most have an Ethernet 
connection or USB compatibility. 

In terms of number of crew required and overall device size, all devices were nearly identical. 
The Omniscan models have a slight edge since they are capable of doing USPA and EC scans by 
simply swapping a control module out of the back of the main unit, although this would require 
additional equipment. 

Recommendations 

The crew representatives had some useful comments and recommendations in regard to the 
coupling medium, sensor arrays, encoders, and operations/training concepts. For coupling 
medium, all crew said water would work great on-orbit, no need for ultrasound gel. The crew 
suggested that sensor arrays should be small but easy enough to hold with one hand. The 
encoders, which are used to record lateral motion of the sensor array as it slides across the 
surface and makes the scan, would ideally ditch the mechanical wheel encoder that most of the 
devices currently use. It was suggested that, prior to flying a device, engineers should look into 
providing a different type of encoder, either optical or laser, and attempt to integrate it into the 
sensor array so there are not quite as many separate moving parts for a zero-G crew to handle. 

As previously mentioned, crew also suggested mimicking the HRF operations model for 
conducting body ultrasound. OSO and the engineering team already invited some HRF 
representatives to come take a look at what was being done, and all agreed that it is a viable 
candidate for their operational philosophy. Some of the equipment they use to downlink video 
and data may also be compatible with the NDE equipment. This idea will need to be researched 
further. 

Grading each device based on the operations criteria yielded a numerical score for each 
candidate. The Sonotest Veo was the winner. It was also the initial favorite based on gut 
reactions from all crew members and OSO teammates. The Omniscan was a close second, due 
to its potential versatility (although new models will be unable to conduct ultrasonic and EC 
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measurements from a single unit), as well as its relative ease of use compared with the other 
units. 

There appeared to be no holdups from an operations perspective, as any of these NDE devices 
can probably be operated by crew members on-orbit for their intended purpose. The ISS simply 
needs a device that can take measurements underneath the dome rigid patch and flexible patch; 
the USPA sensors can do this, while the EC arrays cannot. Of the devices tested, the Sonotest 
Veo best met the criteria. 
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1. INTRODUCTION 

The objective of this engineering evaluation was to compare the leading contenders for an 
Intravehicular Activity Non- Destructive Evaluation (IVA NDE) tool. Multiple environmental tests 
were performed on the units to obtain preliminary data and to assess the potential cost of 
certifying each unit. 

The leading contenders were two Ultrasonic Phased-Array (USPA) devices — the OmniScan MX 
and the Sonatest VEO — which send ultrasonic waves into a sheet of metal to map out damage 
and flaws. The units would be used to analyze damage to the International Space Station (ISS) 
hull that has been patched or repaired. The analysis would provide insight into how long the 
ISS can be reasonably sustained. 

The UniWest ECS-3 also was sent for Electromagnetic Interference (EMI) testing since the unit 
was available, and the data was requested for future reference. The UniWest ECS-3 is an 
Eddy-Current (EC) device, which uses alternating currents to induce an eddy current in the part 
being inspected. Flaws are found when the eddy-current flow in the part changes. This type of 
device is not currently being pursued, since it is unable to scan through the patches used to 
repair the ISS. 
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2. EMI TEST RESULTS 

Each unit was tested for United States Radiated Emissions (RE02), Russian Radiated 
Emissions (Russian RE), and Radiated Susceptibility (RS03). The hardware layout for each 
unit remained the same throughout all three tests. 

The radiated emissions tests identify frequency bands between 14 kHz and 15.5 GHz within 
which the units introduce excessive noise that may interfere with other systems. The radiated 
susceptibility test identifies any frequency bands between 121 MHz and 15.6 GHz in which 
existing hardware may interfere with a unit’s operation. 

2.1 OmniScan MX 

2.1.1 Hardware Setup 



Figure 1: OmniScan MX EMI Hardware Setup 

2.1.2 RE02 

There were 10 failures in the horizontal polarization of RE02 in the frequency range of 280 to 
600 MHz. The failures occurred while the unit was powered on and running. The largest 
margin was 8.385 dB at 440.200 MHz. (See Figure 2.) 

To provide a baseline, a configuration with Alternating Current (AC) power unplugged was 
tested and showed no failures. (See Figure 3.) 

The final configuration tested was with AC powered on and the Equipment Under Test (EUT) 
off, also resulting in no failures. This test showed that the AC power supply is not a major 
contributor to the failures seen during the RE02 test. (See Figure 4.) 
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Figure 2: RE02 -OmniScan MX, Hardware Powered On 
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Figure 3: RE02 - OmniScan MX, AC Power Unplugged 
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Figure 4: RE02 - OmniScan MX, AC Power On, EUT Off 


2.1.3 Russian RE 

There were numerous failures in the horizontal polarization of Russian RE in the frequency 
range of 33 to 440 MHz and in the vertical polarization in the frequency range of 0.0835 to 
188 MHz. The largest margins were 14.01 dB at 49.98 MHz (vertical) and 15.53 dB at 
65.7 MHz (horizontal). (See Figure 5.) 

The AC power unplugged configuration was tested to provide a baseline and resulted in no 
failures. (See Figure 6.) 

The configuration with AC powered on and EUT off had six failures between 0.1095 and 
0.5775 MHz in the vertical polarization. The largest margin was 4.060 dB at 0.33 MHz. This 
indicated that the AC power supply by itself fails Russian RE. (See Figure 7.) 
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Figure 5: Russian RE - OmniScan MX, Hardware Powered On 
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Figure 6: Russian RE - OmniScan MX, AC Power Unplugged 
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Figure 7: Russian RE - OmniScan MX, AC Powered On, EUT Off 


2.1.4 RS03 

The unit passed RS03, showing no signs of being susceptible at any frequency range. 
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2.2 Sonatest VEO 
2.2.1 Hardware Setup 



Figure 8: Sonatest VEO EMI Hardware Setup 


2.2.2 RE02 

There were 32 failures in the horizontal polarization of RE02 in the frequency ranges of 300 to 
700 MHz and 1000 to 1365 MHz. There were also six failures in the vertical polarization of 
RE02 in the frequency range of 1186 to 1365 MHz. The failures occurred while the unit was 
powered on and running. The largest margins were 13.189 dB at 1200 MHz (horizontal) and 
6.559 dB at 1200 MHz (vertical). (See Figure 9.) 

The AC power unplugged configuration was tested to provide a baseline and resulted in no 
failures. (See Figure 10.) 

The configuration with AC powered on and EUT off was also tested and had no failures, 
indicating that the AC power supply was not a major contributor to the failures seen during the 
RE02test. (See Figure 11.) 
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Figure 9: RE02 - Sonatest VEO, Hardware Powered On 
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Figure 10: RE02 - Sonatest VEO, AC Power Unplugged 
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Figure 1 1 : RE02 - Sonatest VEO, AC Power On, EUT Off 
2.2.3 Russian RE 

There were numerous failures in the horizontal polarization of Russian RE in the frequency 
range of 31 to 800 MHz and in the vertical polarization in the frequency range of 0.026 to 
200 MHz. The largest margins were 30.44 dB at 54.6 MHz (horizontal) and 20.47 dB at 
0.1545 MHz (vertical). (See Figure 12.) 

The AC power unplugged configuration was tested to provide a baseline and resulted in no 
failures. (See Figure 13.) 

The configuration with AC powered on and EUT off was also tested and had no failures, 
indicating that the AC power supply was not a major contributor to the failures seen during 
Russian RE. (See Figure 14.) 
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Figure 12: Russian RE - Sonatest VEO, Hardware Powered On 
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Figure 13: Russian RE - Sonatest VEO, AC Power Unplugged 
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Figure 14: Russian RE - Sonatest VEO, AC Powered On, EUT Off 

2.2.4 RS03 

The unit passed RS03, showing no signs of being susceptible at any frequency range. 
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2.3 UniWest 

The UniWest is an EC device that requires a laptop for capturing data. The laptop was kept 
outside the test area, but the Ethernet cable provided additional EMI, as shown in Figure 17. 

2.3.1 Hardware Setup 



Figure 15: UniWest ECS-3 EMI Flardware Setup 


2.3.2 RE02 

There were five failures in the horizontal polarization of RE02 in the frequency range of 450 to 
700 MFIz. There were also 21 failures in the vertical polarization of RE02 in the frequency 
range of 0.0185 to 21 MFIz. The failures occurred while the unit was powered on and running. 
The largest margins were 2.273 dB at 451.6 MHz (horizontal) and 13.38 dB at 0.06 MFIz 
(vertical). (See Figure 16.) 

The AC power unplugged configuration was tested to provide a baseline and resulted in no 
failures. (See Figures 17 and 18.) 

The configuration with AC powered on and EUT off was also tested. This configuration had five 
failures in the vertical polarization of RE02 in the frequency range of 0.42 to 0.66 MFIz. The 
largest margin was 5.29 dB at 0.66 MHz. (See Figures 19 and 20.) 
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Level [dB|jV/m] 
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Figure 16: RE02- UniWest, Hardware Powered On 

Level [dBpV/m] 
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Figure 17: RE02 - UnWest, AC Power Unplugged, Laptop On 
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Figure 18: RE02 - UniWest, AC Power Unplugged, Laptop On 2 
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Figure 19: RE02 - UniWest, AC Power On, EUT Off 
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Figure 20: RE02 - UniWest, AC Power On, EUT Off 2 

2.4 Potential Impacts 
2.4.1 Expected Interference 

The spurious emission at 400 MHz is close to several ISS Radio Frequency (RF) systems: 

a. 0.5 MHz from the Commercial Off-the-Shelf (COTS) Ultrahigh Frequency (UHF) 
Communication Unit (CUCU) (400.5 MHz) 

Because the receiver’s Noise Spectral Density (NSD) is degraded more than 9 dB by the 
interferer's Power Spectral Density (PSD), interference is expected for this system. 
Coordination may be required. 

b. 0.575 MHz from CUCU Version 2 (V2) (400.575 MHz) 

Because the receiver’s NSD is degraded more than 11 dB by the interferer's PSD, 
interference is expected for this system. Coordination may be required. 

c. 0.6 MHz from the Wireless Video System (WVS) UHF command link (400.575 MHz) 

The emission is in the bandwidth of the WVS command link. The interferer’s PSD is much 
greater than the WVS NSD; therefore, interference is possible. 
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The spurious emission at 1226 MHz is close to the following ISS RF system: 

1 .6 MHz from the Global Positioning System (GPS) L2 (1227.6 MHz) 

Because the received interfered PSD is close to 20 dB higher than the effective receiver’s 
NSD, interference is possible. 

2.4.2 Other Services Analyzed 

The spurious emission at 400 MHz is close to several ISS RF systems: 

a. 0.1 MHz from the Service Module (SM) Global Timing System (GTS) (400.1 MHz) 

The receiver for GTS at this frequency is on the ground, so no interference is expected. 

b. 14.2 MHz from the Space-to-Space Communication System (SSCS) (414.2 MHz) 

The emission is outside the Intermediate Frequency (IF) bandpass filter, so no interference 
is expected. 

c. 0.18 MHz from the Global Awareness Data-exfiltration International Satellite (GLADIS) 
(400.18 MHz) 

The receiver’s beam is very narrow, so no interference is expected. 

The spurious emission at 407.7 MHz is close to the following ISS RF system: 

9.4 MHz from SSCS (417.1 MHz) 

The emission is outside the SSCS IF bandpass filter, so no interference is expected. 

The spurious emission at 440.2 MHz is close to several ISS RF systems: 

a. 3.7 MHz from the Functional Cargo Block (FCB) Sirius Radio (436.5 MHz) 

The receiver’s bandwidth is 1.2 MHz, so no interference is expected. 

b. 9.8 MHz from SM GTS (449.9875 MHz) 

The receiver on the ISS has a very narrow band, so no interference is expected. 

c. 3.7 MHz from the SM Amateur Radio on ISS (ARISS) (436.5 MHz) 

The ARISS is a voice system, which has a very narrow bandwidth, so no interference is 
expected. 

Note: A few of the systems had multiple spurious emissions associated with them. Only the 
closest emission was used. 
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2.5 EMI Summary 

The UniWest instrument had no failures that would interfere with current ISS systems. 

The OmniScan MX had failures in the 400 MHz range that are expected to interfere with the 
CUCU and the CUCU V2. Interference with the WVS UHF command link is also possible. 
Workarounds are available for these frequency ranges. 

The Sonatest VEO had failures in the 400 MHz range that are expected to interfere with the 
CUCU and the CUCU V2. Interference with the WVS UHF command link is possible, as well as 
interference with the GPS L2 in the 1 226 MHz range. Workarounds are available for the 
400 MHz frequency range, but the 1226 MHz signal interfering with the GPS would need to be 
mitigated. 
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3. POWER INVERTER COMPATIBILITY 

The power inverter compatibility test was performed to evaluate in-rush current and steady-state 
power draw. The test also verified that the COTS power cord was compatible with the ISS 
power inverter. 

The values recorded below were taken during the power inverter compatibility test performed in 
the Power Quality Laboratory with a 120 V power inverter. 

3.1 OmniScan MX 

a. Steady-state power = 22 W 

b. Maximum in-rush current = -1 7.34 A 

The OmniScan MX was also informally tested with a 28 V inverter, which is the desired power 
supply for the Russian section. An A31p 28 V Emerald Brick was tested as a backup option. 

The unit functioned normally with both power supplies. 

3.2 Sonatest VEO 

a. Steady-state power = 22 W 

b. Maximum in-rush current = 35 A 

The Sonatest VEO was not tested with the 28 V inverter due to scheduling conflicts, but no 
issues are expected. 

The Sonatest VEO was tested with an A31 p 28 V Emerald Brick, but it failed to power up. It is 
suspected that the laboratory power supplies used with the Emerald Brick were unable to 
provide the required in-rush current. It is possible that the brick may still work on-orbit. 


18 


NESC Request No.: TI-12-00824 


0 

NASA Engineering and Safety Center 
Technical Assessment Report 

Document #: 

NESC-RP- 

09-00565 

Version: 

1.0 

Title: 

Independent Assessment of Instrumentation 

Page #: 

391 of 396 


for ISS On-orbit NDE 



ESCG-4270-1 3-AS&T -DOC-OOOl 
Revision: Baseline 


4. THERMAL VACUUM ANALYSIS 

A thermal vacuum analysis was performed to evaluate how well the units might operate in a 
scenario where a module had decompressed. 

The thermal analysis used the steady-state power draw obtained from the power inverter test 
and the sink temperature range of either 40 °F or 140 °F obtained from the Active Thermal 
Controls group to determine how much heat was generated by the units themselves in a 
vacuum. 

4.1 Assumptions 

Little is known about the specific layout or contents of either unit; therefore, the following 
assumptions had to be made to get a basic analysis of a unit’s thermal behavior in a vacuum: 

a. The Infrared (IR) emissivity of the outer surface of each unit was assumed to be 0.8. This 
number is characteristic of non-metallic paints, most anodized aluminum, beta cloth, plastic, 
and dull non-metallic surfaces. 

b. The specific heat of each unit's materials was assumed to be 0.2 BTU/lb-°F. 

c. The initial temperature of each unit was assumed to be 75 °F. 

d. The heat is transferred out of each unit strictly by thermal radiation (since it is in a vacuum) 
to a constant sink temperature of either 40 °F or 140 °F. 

e. The surface area of each unit is based on the dimensions shown in the respective user’s 
manual specifications: Omniscan 12.6" x 8.2" x 5.0" and Sonatest 8.66" x 13.19" x 4.52". 

f. The mass of each box was taken from the respective user’s manual specifications: 
Omniscan 10.1 Ibm and Sonatest with one battery 1 1 .6 Ibm. 

g. The 22 W heat load is evenly distributed over the outer dimensions of each unit. 

4.2 Results 

Both units generated about the same amount of heat, as shown in Figure 21 ; however, the 
OmniScan MX does not use a fan for cooling, while the Sonatest VEO does. So in a vacuum 
environment, the OmniScan may perform a bit better. Both units will work during a cold cycle, 
when the ISS is out of the sun for an extended time. Neither unit will operate for long in a hot 
cycle, when the ISS is in the sun for an extended time. During a hot cycle, the units will exceed 
touch temperature within 30 minutes. 
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Omniscan aid Sonatest Thermal Analyses 

Omniscan: M-10.1 Ibm. SA-2.68 sq ft, Cp-0.2 BTU/lbm-F. c-0.8 
Sonatest: M=1i.$ Itfn. SA=2.95 sq ft Cp=0.2 BUJ/fom-F. «=0.8 


— b — T Omnlscan, 22 W, 40 F Sink Temperature 
— * — T Omniscan, 22 W, 140 F Sink Temperature 
T Sonatest, 22 W, 40 F Sink Temperature 
— i — T Sonatest, 22 W, 140 F Sink Temperature 



Figure 21 : Thermal Analysis Results 
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5. MATERIALS ANALYSIS 

A materials analysis was requested to ensure that nothing off-gasses from the units that could 
be deemed harmful to people or equipment. 

Minimal materials information is available from the vendor. Units are not available for testing. 

5.1 OmniScan MX 

Minimal materials information is available from the vendor. Units are not available for testing. 

5.2 Sonatest VEO 

Minimal materials information is available from the vendor. Units are not available for testing. 
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6. SAFETY ANALYSIS 


Basic hazards were examined prior to and during each test. No sharp edges or pinch points 
were found. The units are durable and designed to withstand falls and other impacts, so there 
are no concerns about parts of the units shattering. The UniWest appeared to emit dangerous 
frequencies from one side of the box; therefore, the EMI probe had to be located in a different 
spot to avoid interference. More testing would be required to verify the emissions and their 
severity. 

A full safety analysis will be performed for certification. 
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7. Certification Impacts 

The cost per unit includes the base unit cost, modification, and testing; such as radiation, off- 
gassing, and safety only certification. There are several factors that could impact the safety 
only certification in terms of cost and schedule. These items include but are not limited to: 
thermal touch temperature, materials/offgassing, EMI/EMC, power quality, etc. One of the 
issues in certifying the Omniscan MX, for example; the project personnel would need to remove 
or redesign all rubber components for off-gassing reasons. The large rubber bumpers on the 
corners would not pose an issue, but the entire front panel interface uses rubber buttons. On 
the other hand, to certify the Sonatest VEO, the ISS Spectrum Analysis team needs to assess 
the impact of the exceedances of this device with the ISS Global Positioning System (GPS) at 
the frequency of 1 2GHz during Radiated Emission (RE02). If ISS Spectrum Analyst finds out 
that an interference is possible, an operational work around may be possible such as limiting the 
operation of the tool during critical periods which would be a minimal impact to the certification 
of this product. Other methods more invasive methods could involve coating the interior of the 
enclosure with an EMI spray, adding another clear panel over the Liquid Crystal Display (LCD) 
screen, replacing a component, adding shielding around a specific section of the box, or 
designing an entirely new enclosure. 

Both units would need at least four Johnson Space Center (JSC) drawings; materials off-gas 
testing or analysis; a safety review; and official memorandums from the EMI, Structures, 
Thermal, and Human Factors Groups. 
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8. CONCLUSIONS 


Table 1: Figure of Merits 


Criteria 

Weight 

Option 1 

OmniScan MX (USPA) 

Option 2 

Sonatest VEO (USPA) 

Option 3 

UniWest ECS-3(EC) 

Score 

Weighted 

Score 

Score 

Weighted 

Score 

Score 

Weighted 

Score 

EMI 

25 

4 

1 

3 

0.75 

4 

1 

Power Inverter 
Compatibility 

15 

5 

0.75 

5 

0.75 


0 

Thermal Vacuum 
Analysis 

10 

2 

0.2 

2 

0.2 


0 

Materials Off-Gassing 

25 

3 

0.75 

4 

1 


0 

Safety 

25 

5 

1.25 

5 

1.25 

4 

1 


100 

19 

3.95 

19 

3.95 

8 

2.0 


Overall, the Omniscan MX performed a bit better than the Sonatest VEO in environmental 
testing performed so far. The Omniscan MX has an abundance of rubber, which would heavily 
impact materials off-gassing results. While some of the rubber could be easily removed, other 
portions would be more difficult to modify. 

The largest challenge for the Sonatest would be mitigating EMI. It will need to be modified to 
some extent, since the GPS is always running, and the Sonatest emits frequencies that would 
interfere with it. The type of mitigation required, however, depends on exactly what is emitting 
in the 1200 MHz range. 
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